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Scientific Reports of the Agricultural 
Research Institute, Pusa 


(Including the Reports of the Imperial Dairy Expert and 
the Secretary, Sugar Bureau) 

1922-23 


REPORT OF THE DIRECTOR. 

(D. Clocstox, C.I.E., M.A., D.Sc.: and W. H. Harrison. 

D.Sr.) 

T Charge and Staff. 

Charge* Mr. S. Milligan held charge of the office of 
Agricultural Adviser to the Government of India and 
Director, Agricultural Research Institute, Fusa. up to 
31st May, 1923. when he proceeded on leave and Dr D 
Houston, (H E., was appointed to act for him. 

The post of Joint Director was held by Dr. W. H. 
Harrison throughout the year. 

Staff, Mr. F. J. Warth. Physiological Chemist, went 
on 8 months' leave from 7th April, 1923, and Mr. A. V. 
Tver, his First Assistant, lias been acting for him. 

Mr. J. H. Walton. Assistant Bacteriologist . has been 
granted one year's leave from 17th Februaiy, 1923. 
Mr. N V. Joshi, First Assistant to the Imperial Agri- 
cultural Bacteriologist, has been appointed to officiate. 

Mr. J. F. Dastur, Supernumerary Mycologist, was 
transferred to the Central Provinces on 13th February. 
1923, and appointed to act as Mycologist of that province. 

i i ' 
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Mr, G. R. Dutt, Personal Assistant to the Imperial 
Entomologist, officiated from 3rd to 17th May, 1923, for 
Mr. P. V. Isaac, Second Entomologist (Dipterist), while 
he was on leave. 

During the absence of Mr. G. S. Henderson, Imperial 
Agriculturist, on leave for 15 days in October 1922, Khan 
Sahib Mohamed Ikranniddin acted for him. Mr. M. 
Wynne Saver, Secretary, Sugar Bureau, was appointed 
to act as Imperial Agriculturist, in addition to his own 
duties, from 3rd April, 1923, the date from which 
Mr. Henderson went on leave for seven months. 

II. Work of the Institute. 

Scientific work. The more important work of the 
Institute is briefly summarized below: 

Botanical Section. In the two chief wheat-growing 
provinces ot India (the United Provinces and the Punjab), 
the total area under the improved varieties of wheats 
evolved at Pusa is now well into the second million acres, 
and some ot them are even making headway under such 
widely different conditions as the Peshawar valley, North 
Sind, Kathiawar, the Xilgiri hills and the Southern Shan 
States. Of the new bearded hybrids obtained by crossing 
Pusa 6 with Punjab 9, Pusa 54 has emerged successfully 
from the preliminary field trials, and seed is now being 
multiplied for trial under cultivators' conditions. A de- 
tailed study of the Indian linseed crop lias resulted in 
the isolation oi unit species which give letter vields than 
the mixtures grown on the alluvium. Seed of these promis- 
ing types has been issued for field trials. Further work 
in connection with the investigation of a form of paralysis 
known as lathy risin has not obtained the slightest evidence 
in favour of the current view that it is due to the long 
continued consumption of the seeds of kfasari (Lathyrus 
mtixns). A beginning lias I icon made with the study of 
the conditions necessary for seed formation in lucerne and 
other leguminous fodder crops. 
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(* hemical Section . The study of the movements of 
nitrates in the soil and sub-soil with a view to their corre- 
lation with seasonal cropping variations was continued on 
the lines laid down in last year's report and absorbed a 
large portion of the energies of the Section. This. year's 
observations tend to show that for the conservation of 
nitrates the best types of soil are those which possess a 
fairly heavy layer of a depth from three to four feet, and 
that from the point of view of nitrogen conservation the 
value of green-manuring during the earlier stages of the 
monsoon is open to question, owing to t lit* rapidity with 
which the nitrate 4 formed is carried down into the deeper 
layers of the soil. Further experiments on the window- 
ing of sugarcane confirmed the conclusion previously 
arrived at, that cane stored under protection remained in 
excellent condition, whereas that stored in the open and 
exposed to rain and sunshine rapidly deteriorated. The 
results obtained indicate the possibility of storing canes 
in Bihar provided suitable precautions are taken. Both 
pot and plot experiments laid down to determine the effect 
of gypsum contained in commercial superphosphates on the 
cropping value of Pusa soils showed that it had a clearly 
defined depressing effect. Work on the determination of 
available I\0 in calcareous soils was continued. Fu actual 
practice a 1 per cent, solution of K TO, was found to le 
the most convenient solvent for general use. 

Animal nutrition. The 4 main problem under investiga- 
tion by the Physiological Chemist is the digestibility of 
the more common Indian fodders. Ti e past year's work 
with paddy straw gave interesting results. The average 
digestion co efficients found for fibre and nitrogen- free 
extracts were 7*2 and 44, respectively. When compared 
with the results obtained from similar experiments carried 
out in America, these 4 figures indicate that the country -bred 
bullocks under trial at Pusa digest 10 percent, more organic 
matter than American breeds. With the transfer of the 
Animal Nutrition Section to the newly established Imperial 
Institute of Cattle-breeding and Animal Husbandry at 
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Bangalore, the scope of its activities will, it is hoped, be 
considerably developed. 

Bacteriological Section. The work on nitrogen fixa- 
tion in soil by non-symbiotic organisms gave important 
results during the year, which serve to indicate that in 
time it should be possible to show in what manner the 
cultivation of the soil may be modified so as to increase the 
amount and rate of nitrogen fixation naturally taking place 
therein. Further work on the activation of nitrification 
of cattle urine with a view to the conservation of its 
nitrogen-content was carried out and a method of doing 
this in the cattle-sheds of the ordinary cultivator was 
devised. The investigation into the solubilization or rock 
phosphate was carried a stage further by the use of sulphur- 
oxydizing bacteria; the additions of gypsum to the sulphur- 
phosphate compost appeared to increase solubilization by 
improving the physical texture of the mass with regard 
to aeration. Further work on vat fermentation of indigo 
showed that in eases whore fermentation is poor, settling 
had and produce low, neutralization with caustic soda 
before beating should result in improved settling and an 
increased yield of indigo. 

M geological Section. Appreciable progress was made 
with investigations into the diseases of paddy caused by 
Pirict/laria , a selerotial fungus and a species of t'rphnlos- 
porium. The study of the genus IPIminthosporinm on 
cereals was continued with special reference to the rela- 
tionship between those on grasses ami crop plants, f ield 
experiments devised to test the effect of seed treatment on 
the prevention of smut of bnjra {Prnniwtum typhoid cum) 
proved inconclusive. A further study of the foot rot of 
wheat indicated the possibility of reducing the loss by later 
sowing. Applications of sodium sulphate were found to 
have considerable influence in reducing the incidence of the 
parasite which causes the stem-rot of jute. Observations 
are being continued to elucidate the effect of phosphate on 
rahar (Cajamts inf liens) and on the fungus causing wilt. 
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and the effect of mineral phosphate as compared with phos- 
phate in association with organic matter in cattle and green 
manures. 

Entomological Section. The investigation on borers in 
sugarcane and other gramineous plants was continued and 
indicated that previous work on species occurring around 
Push had been fairly thorough. Cotton plants sown in 
1921 were kept under observation until uprooted in June 
1923 specially to ascertain whether an abnormal shedding 
of bolls had any connection with the presence of certain 
hugs on the plants, but further research is required to 
make a definite statement on the subject. Investigation 
ot fruit pests, especially tofus penucio^us, in 

Kashmir was taken up towards the close of the year and 
is still in progress. The Imperial Entomologist has in 
hand the preparation of a bonk dealing with the insect 
pests of domestic animals in India, tor the use of veteri- 
nary officers and colleges, and he is also cnllalniratiiig with 
the Director of the Muktesar Laboratory in a series of 
experiments on the cyclical transmission of the rinderpest 
organism. 

Agricultural Section, The permanent experiments 
being carried out in collaboration with < ther Sections of the 
Institute were continued. Though the continuous heavy 
rainfall of the year under review resulted in an almost 
total failure of the teonsoon crop, the produce was worth 
about Rs. objiuo, and a herd of o\er 300 head of cattle 
was maintained on a green fodder ration throughout the 
year. 

During the last t on years the average daily yield par 
cow has nearly doubled, the improvement being most clearly 
marked in the Montgomery section of the herd. The cross- 
bred Ayrshire- Montgomery cow Alibi by name completed 
her fifth lactation period and gave 1.200 gallons in 300 
days; many of the younger cross bred cows which did not 
do brilliantly at first are showing every sign of becoming 
7,000 lb. milkers. The three quarter, one-quarter and 
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double eross-breds in the herd do not appear to be very pro- 
mising, the effect of the heat being very noticeable in the 
case of the three-quarter crosses. 

Imperial Dairy Expert. This officer continued to 
interest himself in the milk supply of large cities like 
Calcutta and Bombay, and prepared no less than live 
schemes for the western capital. No definite steps have 
yet been taken, however, to carry out any of these schemes. 
Advice was also given on schemes for opening daily farms 
at Lahore, Ootacamund, Sirsa, Kamshet, Baroda and 
Dewas; for establishing a modern dairy college by the Gov- 
ernment of Bombay at the Kirkee military dairy farm: for 
providing .Jamshedpur with a reliable milk supply, and for 
erecting a factory for the manufacture of tinned sterilized 
milk, condensed milk, dried milk, etc., in the Punjab. As 
a result of the recommendations of the Incheape Committee 
the military dairy farms at Bangalore, Wellington, and 
Karnal have been taken over by this department. They 
will be utilized as centres at which men will be trained in 
dairying and animal husbandry. 

The Imperial Dairy Expert has done much during the 
year to stimulate an interest in cattle-breeding and dairy- 
ing by delivering at different centres lectures illustrated 
by cinema films. 

Sugar Bureau. Trials conducted with the selected 
Coimbatore cane seedlings Co 210, Co 213 and Co 214 with 
a view to testing the milling qualities under factory condi- 
tions have given very promising results. In carrying out 
these trials most valuable assistance was obtained from the 
firm of Messrs. Begg, Sutherland, and Company. The 
demand for seed of these desirable canes being now much 
in excess of the supply available, steps have been taken to 
increase the area under this crop at Pusa to 60 acres. A 
fresh batch of seedlings from Coimbatore is being tested 
with the view of ascertaining their suitability to conditions 
in Bihar The sugar cable service conducted by the Bureau 
has proved of value in stabilizing the sugar markets in 
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India by preventing any panic or sudden rise due to unoffi- 
cial reports and rumours from foreign countries. 

Training. Eleven post-graduate students were under 
training at the Institute during the year in the following 
subjects : — 

General Agriculture 
Economic Mot any 
Mycology 

Economic Entomology 
Agricultural Mactfiiology 

11 


1 

0 

1 
4 


In addition to these, twelve students joined the Insti- 
tute for shorter courses of instruction. 

With the object nf developing the p st-graduate train- 
ing at Pusa to the highest possible standard, a scheme for 
the expanse n of the Institute as regards staff was sanction- 
ed by tin* Set ret ary of State m 1 111? 1 : but the depressed condi- 
tion of Imperial finances lia< made its immediate realiza- 
tion impossible. I lie ( iovermnent of I :dia have, therefore, 
det ided to utilize in the meantime the facilities already 
available at the Institute, and to start fr»«m the 1st of Xov- 
ember !b2M p< < -yindinf'* o umvs in agrmultural cb<mii>trv. 
botany, urn of gy. bamcriulogy and entoiimlogv in qualify 
for Imperial appointments in the Agricultural Service. 
Tin* period .if each course will be two years. As a start 
it is proposed to admit 12 student-. a/:., ;> in agricultural 
chemistry. 2 in mycology. 2 in entomology. in agricultural 
bacteriology and 2 in botany. 

As regards the training of Deputy Directors of Agri- 
culture and I 'ro lessors of Agriculture, the Government of 
India have decided to begin with a course in animal hus- 
bandry and dairying. This will be given at the Imperial 
Dairy Institute. Bangalore, and at Busa. The course will 
last for lo months and will be confined for the present to 
('dicers of the Provincial Service who have put in at least 
t wo years’ service. 
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III. Publications. 

Nineteen Memoirs, fourteen Bulletins, one Indigo Pub- 
lication and six other publications were issued during the 
year, while over 15 publications were in the press on 30th 
June. 1923. 

Bulletin No. 28 on “ Lac cultivation in the Plains of 
India/’ of which two editions had already been sold out, 
was brought up to date and issued as Bulletin No. 142 which 
is practically a new. publication. To meet the constant 
demand for Bulletin No. 46 on Bee-keeping a second edition 
has been sent to the press. Mention also may be made of 
the “ Report on the Diseases of Silkworms in India ” issued 
during the year; it embodies the results of the researches 
of the Protozonlogist, Dr Pringle Jameson. 

“ The Agricultural Journal of India,” which is issued 
every two months, continues to maintain its popularity 
among the class of readers for which it is meant. 


IV. Accounts. 

The total expenditure during the financial year ending 
31st March. 1923, as shown below, was Rs. 7, s 6.056 as 
against Rs. 7,81,034 during the previous year. 

Its. 

General expenditure of the Institute, including 


the Agricultural Adviser’s ( Uiiee . . 2,81,095 

Botanical Section ...... Co, 26) 

Chemical Section .... Ci 1, all 

Physiological Chemical Section , . . 38,277 

Bacteriological Section ..... 67,385 

Mvcologjcal Section ..... 62,732 

Entomological Section ..... 52.156 

Pathological Entomological Section 21,213 

Agricultural Section ..... 1,29,635 

Indigo Research Section (closed from 20th 
May, 1022) 6,784 


7 , 86,056 


Total 
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The following are the principal items of expenditure 
under the annual grant of Rs. 10,000 placed at the disposal 
of the Agricultural Adviser for expenditure on special agri- 


cultural experiments : — 

Its. 

Furcha.se of a sledge sorter ..... 828 

Experiments with fibre extracting plant . 731 

Mosquito experiments 379 

Purchase of tanks, pipes, etc., for irrigation work 
at Pusa ........ 3,801 


The gross receipts during the year from sale of publica- 
tions, farm produce, in ilk and other articles amounted to 
Rs. 45 >52 as against Rs. 3^ >22 last year. 

Y Conference. 

The fifth biennial meeting of Entomologists was held at 
Pusa from 5th to loth February. 1923. and was attended 
hv 45 members, the visitors including delegates from 
the Cuitcd Provinces. Hihar, Mysore. Kashmir. Gwalior. 
(Vvlon. the Forest Research Institute at Debra Dun. the 
Central Resea ivh Institute at Kasauli and the Imperial 
Ilaeteriologieal Laboratory at Muktesar. The proceedings 
of the nutting, whirh run to ab >ut 4ou pages, are in the 
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REPORT OF THE IMPERIAL ECONOMIC 
BOTANISTS. 

(A. Howard, C.T.E., and G. L. C. Howard, M.A.) 

I. Introduction. 

The Imperial Economic Botanist held charge of the 
Section during the year ending June 30th. 1023. As far 
as funds permitted, a number of improvements were carried 
out in the Botanical Section chiefly with the object of 
increasing the efficiency or the local labour. Three 
meetings of the Central Cotton Committee were attended 
and some time was devoted to the Lucknow meeting of the 
Indian Science Congress. 

The work of the staff generally continues to be satis- 
factory and Tin ji Abdur Rahman Khan and Babu Kashi 
Ram deserve special mention. 

IF. C . X V. R A L >IK!) fRsTRf.iUTIoN. 

During the year, a return ■ * i’ t! e >eed distributed bv the 
Pu.-a Research Institute wa.- prepared The selected seed 
given out by the Botanical Section between 1010, when 
distribution started, and 1 022. Pth inclusive, was sufficient 
to sow 2b3.m>3 acres. I his includes the wheat grown under 
• >ur supervision. <<n various estates in Bihar, between the 
years 1014- and 101R before the seed farms in the Provinces 
(e-tablished hy a special grant from the Government of 
India) were in working order. The details of this distri- 
bution are given in Table 1. 
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Table I. 


Seed distributed by the Botanical Section, Pusa, from 1010 to 1022. 


Year 

Wheat 

Wheat (Bihar 
fata tea) 

Tobacco 

Urain 

Fibre plants 

1910 

15 





1911 

81 





1912 

2<M5 

.. 


« 


1913 

45 

.. 

190 

4 


19U 

13 

1,007 

0<» . 

H 


1913 

11 

2.491 

1,$0<» 


9 

1910 

121 

; S,03<> 

17.450 

42 

20 

1917 

K0 

’ 0,1 15 

] 7 . 1 Cn 

s 

s 

191S 

10 

5.134 

24,900 

24 

s 

1919 

1 

1 144 

1 3,119 

20,s7o 

13 

17 

1920 

l.'.s 

i 

17.21*> 

Pi 

2 

1921 

2*5 



57 

13 

1922 

171 


to 

1> 

- 

Total (in ack*:*) 

1.352 

1 20.490 

i 

231.940 

190 

79 


Ill Wheat. 

Seal distribution. In recent rejxirts. an account has 
been given of the methods employed and the stage reached 
in the intensive distribution of improved wheats in one of 
the chief wheat growing Provinces of India. In the 
I'nited Provinces, the dissemination of Pusa 12 and Pusa 
4 lias now reached a stage when it is no longer possible to 
state the area actually sown by the cultivators. In 1921 
it was estimated at over 400.000 acres. Every year, the 
Provincial Department distributes 30.000 maumls of fresh 
seed while the natural spread of these varieties by the 
people themselves is known to Ik' considerable. In the Pun- 
jab in 1921-22. the area under Punjab 11. a variety with 
white grain selected by this Section in 1 90S. reached 7 ">0,000 
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acres. This occurs chiefly in the Lower Ohenab and Lower 
Bari Doab Canal Colonies. During a recent tour in the 
latter just before the harvest of 1923, vast stretches of this 
wheat— a bearded type with bronze coloured chaff — were 
seen practically true to type and with little or no admixture 
of any kind. Similar areas of Pusa 12 are now exceed- 
ingly common in various parts of the United Provinces. 
This circumstance is of considerable promise for the future 
progress of agricultural India as it is the first step towards 
the establishment of definite grades of wheat for internal 
consumption and for the export trade. The total area 
under improved wheat*, in the United Provinces and the 
Punjab , is now well into the second million acres and more- 
over is steadily increasing year by year . At a moderate 
estimate , the annual increased profit to the (/rowers can be 
placed at fifteen rupees an acre. 

Outside the United Provinces and the Punjab, a number 
of other important wheat growing areas occur in India in 
which field trials of Pusa wheats have been in progress for 
some time. The original object of these tests was to find 
out what varieties are needed in the various tracts rather 
than the initiation of schemes of seed distribution. The 
results which have been obtained recall the parable of the 
sower. While a good deal of the seed has fallen by the 
way side and on stony ground, nevertheless some has found 
its way to good soil. Not only has the information desired 
been obtained but a number of promising seed distribution 
schemes have also begun. Some of the results obtained have 
teen altogether unexpected. For example in the North- 
West Frontier Province, a sample of Pusa 4 was sent some 
years ago to an Agricultural Exhibition at the Tarnab farm 
chiefly for the purpose of showing the cultivators what a 
really high quality white wheat looks like and what can be 
produced in India. This variety was duly tried and proved 
to be rust resistant and to possess excellent standing power 
when grown under cultivators’ conditions. In the short 
space of seven years from the date of its first distribution, 
Pusa 4 has almost entirely displaced the local wheat in the 
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Peshawar District and it is estimated that the new variety 
was sown on 150,000 acres in 1921-22. The Agricultural 
Officer, North-West Frontier Province, states that one acre 
of Pusa 4 is worth from ten to fifteen rupees an acre more 
than that of the same area of any local wheat. The fact 
that this shallow-rooted, rapidly growing variety does so 
well in the Peshawar valley, where the growth period is a 
comparatively long one, would appear to indicate that the 
sub-soil conditions there are not suitable for root develop- 
ment and that deep-rooting, heavy yielding types are not 
likely to succeed. Since these results were obtained, Pusa 
4 has been tried successfully in the low-lying bet areas 
alongside some of the Punjab rivers where the sub-soil 
water is quite close to the surface. For all similar tracts 
in India, this variety seems well worth extended trial. 

For some years past, Pusa 12 has been grown in parts 
of Sind chiefly in the Sukkur tain //a and on the North Sind 
Frontier near Jaeobabad. This variety does well when 
grown by the cultivators and Mr Main proposes to under- 
take a definite scheme of seed distribution. As this type 
is able to mature a crop with comparatively little water, it 
should prove of great value when the maximum duty of 
canal water comes to he worked out in connection with the 
Uovd barrage at Sukkur. In this portion of the valley of 
the Indus, where the soils are stiff and the sub-soil water is 
comparatively near the surl.no, it will probably be found 
to be an advantage to raise crops on the lowest possible 
amount of water (so as to preserve the natural tertility ot 
the soil) rather than adopt a more intensive method of 
irrigation. If this proves to be the' case, varieties like 
Pusa 12 will at once come into their own. 

In the Knstern Punjab, a certain amount of unofficial 
distribution <d Pusa 12 has been undertaken by the culti- 
vators themselves. A recent tour in this region, just before 
harvest, disclosed the lad that the area under this wheat 
is much larger and the crop is much more uniform and 
true to type than was to he expected. In the Simla Hills, 
thanks to the interest of Mr. II. E. J. Peake, the Manager 



H SCIENTIFIC REPORTS OF THE AGRICULTURAL RESEARCH 


of Solon Brewery, Pusa 12 is spreading rapidly in the- 
various Fill States and appears to be thoroughly at home 
in the terraced cultivation of this region. 

In Bihar and Orissa, the Province in which Pusa is 
situated, the area under improved wheats is increasing in 
the Patna Circle where the outturn and market rate of Pusa 
12 is higher than that of the local wheat. In the flooded 
rice areas in Orissa, where the paddy crop is often com- 
pletely destroyed, Pusa 4 is proving successful as a late 
sown cold weather catch crop and a scheme of seed distri- 
bution is being started. In the damp soils of the Tirhut 
Division in North Bihar, where an early, rust resistant 
wheat of high quality is desirable, excellent results have 
been obtained with Pusa fl under experiment station con- 
ditions but this type has proved unsuitable for distribution 
as it sheds its grain if allowed to ripen fully and is also 
liable to lodge, particularly under intensive cultivation. 
These defects have now been removed by hybridization, 
using Pusa 6 as one of the parents. Three new types- 
Pusa 52, 53 and SO- have been fixed, tested in the field and 
found to be suitable for this tract. So far, Pusa 53 has 
given the best results at Pusa. SuHicient seed of this 
variety will be available next March for preliminary trials 
in the region north of the Ganges between the Gandak ami 
the Kosi 

In Bengal. Pusa 4 and Pusa 12 have given good results 
in the Burdwan and Rajshahi Divisions. They have also 
done better than the local wheat at Murshidabad under 
irrigation. It is hoped to distribute these varieties on a 
large scale this year. 

In the Central Provinces. Pusa 100 (obtained from the 
progenv of a cross between Mozafiarnagar and one of the 
local Bihar wheats) is doing well in the Chattisgarh and 
Nagpur Divisions. When grown under ordinary conditions 
it can be relied on to give an increase of 100 lb. of grain to 
the acre above trie yield of the local durum wheats. 

With the exception of Bundelkhand and the Central 
Provinces, no large schemes of distribution of Pusa wheats 
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have so far been undertaken on the black soils of Peninsular 
India. A number of trials have, however, been undertaken 
and very valuable results have been obtained. Under well 
irrigation, particularly with intensive cultivation. Pusa 4 
gives exceedingly high yields on black soils like those of 
the Malwa plateau. Where the problem is to raise the 
largest possible crop on the smallest area of these soils, this 
variety is exactly what is required. It is useless, however, 
as a bantni wheat on t he black soils. In Baroda and 
Kathiawar, Pusa 12 has done well at a number of the local 
farms but up to the present little has been done in the way 
ot systematic seed distribution. In the .Jaipur State. 
Thakur Kalyan Singh, the Chief of Khachariawas. has 
taken up the cultivation of Pusa 12 with enthusiasm and 
success. The Court of Ward* in one of the neighbouring 
States is doing similar work. 

In the Nilgiri hills in Madras, a number of Europeans 
have been experimenting with Pusa wheats and have 
reported good results. The local Agricultural Department 
is now interesting itself in this subject and will no doubt 
help in the distribution of that variety which proves most 
suited to the local conditions. 

In Burma. Mr. McKerral reports that Pusa 4 has done 
very well in the Southern Shan States and that the Im- 
perial Institute has reported that the quality of the grain 
produced there is equal to that of the best Manitoba wheat. 
When the railway, now under construction, is completed, 
the vallevs of the Southern Shan States will he able to grow 
large quantities of high quality grain and a new wheat 
piodm ing area will be added to the .Empire. 

One aspect of these wheat trials needs to be emphasized, 
namely, the fact that it has been possible at one central 
station to produce varieties of wheat suitable tor such 
widely different conditions as the Peshawar valley. North 
Sind. Kathiawar, the Nilgiri hills, the Southern Shan 
States as well as the various tracts included in the pentagon 
formed bv joining these five points. This figure includes 
practically the whole of the wheat growing areas of the 
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Indian Empire. It is often argued that the soil and 
climatic conditions of the various regions producing any 
particular crop even in one Province are so different that 
the results obtained in any tract cannot possibly apply to 
the others and that a plant breeding station in each is a 
necessity. Apart from the great expense entailed, a num- 
ber of other considerations point to the advantage of main- 
taining the smallest possible number of well-equipped 
plant breeding stations in India rather than conducting 
the work m piece-meal fashion. With one central station 
a few improved varieties have to be dealt with, seed distri- 
bution schemes can be founded on a broad basis, the trade 
and the public are not bewildered by a constant flood of 
new creations whose existence is often transient and the 
road is opened to the ultimate establishment of a few 
definite grades of produce over large areas. The energies 
of the Agricultural Department can then he concentrated 
on the maintenance of the improvement achieved and on 
increasing and consolidating the area under the new types. 
In this way, a real step forward in the uplifting of agri- 
cultural India can be achieved with the means already 
available. 

The amount of selected seed distributed by the Rota me- 
al Section during the year under report was lo‘l inaumls 
which was sent to 141 correspondents. As in previous 
years, most of the indents received had to lie cut down 
eonsiderablv w hile a number could not be complied with at 
all. 

Bearded wheats. In some localities where the crop is 
liable to damage by animals and birds, there is an insistent 
demand for an improved bearded wheat. To meet this, a 
series of bearded varieties have been obtained from Pusa 
6 and Punjab Tvpc 0 bv means of hybridization. These 
are now being subjected to held trials at a unrulier of 
stations in the Doited Provinces, t fie Punjab and Sind, 
where the soil conditions arc more suitable for such work 
than those which obtain at Pusa. Pusa ">4 has emerged 
successfully from the preliminary trials on the farrns’in the 
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Central Circle of the United Provinces and seed is being 
multiplied by Mr. Low at Kalianpur for trial under culti- 
valors’ conditions. Samples of five of these bearded 
varieties have been sent to Mr. Humphries in England for 
complete milling and baking tests. 

International Cotujress of Agriculture. A paper oil 
the improvement of Indian wheat was contributed to the 
International Congress of Agriculture which meets in Paris 
during the current year. 

[V. Other Crops, 

Tobacco. The demand for seed of Pusa 2^ continues. 
During the year, nearly 1 H maunds of selected seed was 
supplied to Ih) applicants. The breeding work on this crop 
is being written up and will soon be ready for the press. 

Fibres. Nearly a maund of seed of Hibiscus canna- 
Itinti'i, Type '3, was distributed in small lots to 22 applicants. 
The breeding work on Koselle. which has been in progress 
for some time, is being prepared for publication. 

nil seeds. For some years a detailed study of the unit 
species of t he Indian linseed crop has been in progress 
at Pusa, the results of which were sent in for publication 
during the year and will shortly appear in the Botanical 
Tories of the Memoirs of the Imperial Department of 
Agriculture in India This work has yielded important 
results both from the scientific and practical points of view, 
A number of the unit species, isolated trmn the mixtures 
grown on the alluvium, yield about forty per cent, more 
than the ordinary mixed crop. Nearly ti\e maunds oi seed 
o< these promising types has been issued tor preliminary 
held trials t«> a number of correspondents in the plains. 
The unit species suitable for the black soils of Peninsular 
India are being tested hv the Agricultural Department ot 
the Central Provinces. 

draw. The unit species of this crop, which were 
isolated some wars ago. were maintained in pure culture 
and a “Supple ol seed oi the more promising types was main- 
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tained. Twenty-four maunds of seed was issued to 44 
applicants. During recent tours in the United Provinces 
it was found that Type 17 was doing very well at all the 
farms visited. No large schemes of seed distribution have 
yet been undertaken. It is expected, however, that the 
distribution of this variety to the cultivators will be one of 
the many beneficial results of the formation^ of the new 
Rohilkhand Circle. 

Khesari (Lath yr us saticus L.). In connection with the 
investigation of lathyrism, the unit species of this crop are 
being separated and classified. The root development is 
also being worked out. 


V. Indian Science Congress. 

A good deal of time was devoted to the meeting of the 
Indian Science Congress held at Lucknow in January of 
this year at which the Second Imperial Economic Botanist 
was President of the Botany Section and of the joint 
meeting of the Sections of Agriculture and Botany when 
the improvement of fodder and forage in India was dis- 
cussed. Forty-seven papers were sent in for the Botany 
Section and eighteen for the fodder discussion. Besides 
the Presidential address to the Botany Section on the role 
of plant physiology in agriculture, five other papers were 
read by us at the Congress - one on lathyrism (with Captain 
Anderson, I.M.S., and Dr. Si monsen) before the Medical 
Section; one on the theory of phosphatie depletion in the 
soils of Bihar before the Agricultural Section; one on the 
improvement of lucerne cultivation in connection with the 
joint meeting on fodder and two (on the development of 
intensive cultivation in India and on the leguminous crop 
in the rotation) before the symposium on the nitrogen pro- 
blem in Indian agriculture which was arranged by the 
Sections of Chemistry, Agriculture and Botany. In pre- 
vious meetings of the Science Congress no combined 
meetings have been arranged. The new departure was a 
great success and the joint meetings were well attended. 
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Discussions in wliich unofficial workers and investigators 
from different Government departments can take part often 
reach a high level and lead to useful developments. The 
eighteen papers contributed to the fodder discussion are 
being printed as Bulletin No. 150 of the Pusa Institute. 
The authorities of the Science Gongress have decided to 
publish, in permanent form, a scientific account of the 
nitrogen symposium and to distribute a large number of 
reprints to workers in India and other countries interested 
in this important subject. 

V f. Physiological Investigations. 

A full account of the physiological investigations in 
progress was given in the previous report to which the 
reader interested in these ijuestions is referred for details. 

Soil aeration. In the study of the soil aeration factor 
in the case of plants grown in Pusa soil in lysimeters with 
free drainage, it has frequently been observed that in years 
oi normal rainfall a decided falling oil m permeability 
takes place after July. The soil refuses to drain, the pore 
spaces in the surface soil become suffused with water, 
aeration falls off and the absorbing roots die. Java indigo, 
for example, maintains itself during the late rains entirely 
by means of the surface roots and those which occur in the 
drainage layer on the floor of the ly si meter. This state of 
affairs appears to be associated with the formation of 
colloids in the soil and is always accentuated when the 
supply of organic matter needs renewal, it occurred to us 
that the real explanation of the effect of small dressings of 
superphosphate in the late rains mav really be due to the 
effect of this weak acid on the colloids. If so, any other 
•weak acid or substances like sulphur which are readily 
• oxidised in the soil, would probably produce similar results. 
The matter was put to the test of experiment: the plant 
selected was cotton which is known to be exceedingly sensi- 
tive to poor soil aeration. The results are giuui in Table 
II and show that both dilute sulphuric acid and sulphur 
gave better results than superphosphate. 
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Table II. 


The effect of “dilute acids ” on the growth of cotton. 



A verai’e 
height of 20 
plants in cm. 

1 Weight of 
[ irre en plants 
in grammes 

Remarks 

Superphosphate .... 

40- 1 

S55 

Manures added at 
the rate of one 

Flowers of sulphur . . . ] 

O.rT 

1.05:i 

mauml per acre. 

Dilute sulphuric acid . 

5 s ‘0 

1.153 



Field experiments are now in progress in which the effect 
of sulphur and superphosphate on green manuring with 
otinai ( Crotnlaria juncea L.) are being compared. 

The effect of grass on trees. The results obtained on 
this subject during lb 23, a year of short rainfall, confirm 
those obtained in 1921 in which the monsoon was far below 
the average. A mass of material has accumulated on this 
subject which is now being studied, ft is hoped to have it 
ready for the press shortly and to discuss the results in 
next year's report. 

Root dc relop me nt. Observations on the root develop- 
ment of maize and juar (And ro poo on Sorghum) have now 
been repeated for the third year in succession. The results 
are very concordant and are being prepared for publication. 

Leguminous crops. Some of the results obtained on the 
effect of nitrogenous manures on the growth of leguminous 
crops will appear shortly among the papers contributed to 
the symposium on the nitrogen problem in Indian 
agriculture. 

A beginning has been made (by Halm Ilabonto Baiter ji, 
a research student in the Section) in the study of the condi- 
tions necessary for seed formation in lucerne and other 
leguminous fodder crops. I’ntil an indigenous seed supply 
of lucerne and berscem can be organized in India, the 
introduction of these valuable fodders into the general 
rural economy must be delayed. 








INSTITUTE, PUS A, FOR 1922-23 


21 


Lathyrism. L ruler the auspices of the Indian Research 
Fund Association, a detailed investigation of a form of 
paralysis known as lathyrism- commonly supposed to be 
due to the long continued consumption of the seed of 
khesari (Lathy rus saticus L.)- is now in progress. The 
chemical work is in the hands of Dr. Simonson. Forest 
Chemist at I)ehra Dun; Captain Anderson. T.M.S., of the 
Central Research Institute. Kasauli. has undertaken the 
medical aspects of the investigation, while the liotanical 
work has been entrusted to one of us. The earlier results 
obtained on this investigation appeared in a joint paper in 
The Indian Journal of Medical Research (Yol. X. Xo. 3, 
Jan. 023, p. bo7), and a stimulating discussion took place 
in t he Medical Section of the Indian Science Congress at 
Lm-know. Since that date, further important results have 
been obtained which it. is hoped to publish before the end 
of the year. So far. neither Captain Anderson nor Dr. 
Simonsen have obtained the slightest evidence in favour 
of the current view that the seeds of khesari are responsible 
for lathyrism. Fhe various leguminous weeds, which occur 
mixed with khesari, have been identified and grown in pure 
culture and are now Icing studied. A large amount of 
botanicully pure seed is available for the work which is 
being pushed forward as rapidly as possible. Fortunately 
this investigation escaped retrenchment and funds have 
been provided by the Research Fund Association for the 
work in progressat Kasauli. 

VII. Pkoouammf. a\o lYiu.icvrioxs. 

Proanwnttr . !!>.') lir, estimations, on the lines 

indicated in the annual reports and in the publications of 
the Section, will be continued on the following crops 
cereals, tobacco, fibre plants, pulses, oil seeds, fodder crops 
and fruit and on soil aeration and root development. 

Publications. An effort is being made to work up the 
large mass of unpublished material which has been 
accumulating for some years and to prepare it for the press. 
It is hoped to complete this task before the end of 1023. 
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The following papers were either printed or accepted for 
publication during the year under review : — 

1. Report on Economic Botany for the Board of Scientific 
Advice, 10*2 1-22. 

2. The improvement of Indian wheat — a paper contributed to 
the International Congress of Agriculture, Paris, 1923. 

3. A preliminary note on the theory of phosphatic depletion in 
the soils of Bihar, Agri. Jour, of India, XVIII, 1923, p. 148. 

4. The role of plant physiology in agriculture (Presidential 
address, Botany Section, Indian Science Congress, 1923), Agri 
Jour . of India, XV II I, 1923, p. 204. 

5. Studies in Indian oil seeds. No. 2. Linseed [Linuvi 
utitatisnimum L.} — with Haji Abdur Rahman Khan. Mem. of (he 
Dept, of Agri. in India [Botanical Series), Vol. XII, No. 4, 1923 
(m the press). 

0. An improved method of lucerne cultivation (included in 
Bulletin bdt. Agri. Uesemeh Inst., Buna, 1923 — m the press). 

7. The development of intensive cultivation in India (included 
in the symposium on the nitrogen problem in Indian agriculture 
published by the Indian Science Congress). 

8. The leguminous crop in the rotation (included in the sym- 
posium on the nitrogen problem in Indian agriculture published 
by the Indian Science Congress). 

9. Work done by the Botanical Section, Pusa, from May 1900 
to January 1923 (printed privately). 

10. A preliminurv note on lathyrKm (with Dr. Simorisen and 
Captain Anderson, I.M.S.), The Indian Journal of Medical 
Research, X, 1923, p. £57. 
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REPORT OF THE IMPERIAL AGRICULTURAL 
CHEMIST. 

(W. H. Harrison, D.Sc.) 

I. Administration. 

The Imperial Agricultural Chemist was in charge of 
the Section during the whole of the period under review. 

II. Education. 

Mr. Sanyasi Raju, a student of the Bacteriological 
Section, received a short training for three months in 
selected methods of chemical analysis. 

Ill Meteorology and Drain-gauges. 

The usual meteorological and drain-gauge observations 
were maintained The recording hvgrometer proved so 
satisfactory that for the future it has been decided to dis- 
continue the records of the wet and dry bulbs hygrometer 
and to confine temperature records to those of the normal 
instrument only. 

I\ . (iKNKRAL ANALYTICAL WORK \NO ASSISTANCE GIVEN TO 

other Sections. 

A. 1 he following samples were analvsed and reported 
upon : 


Mu mue* ...... 22 

(•Veiling vfnfT< ...... n 

Sngareane ...... 32 

Sngar-luvt 23 

Milk HU 

Water 4 

nils 4 

live* ;oh! tanning material* ... I 

Mi>cel In neons ...... 3S 


Total 


1 ,0S3 
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The samples of sugar-beet were analysed at the request 
of the Agricultural Officer, North-West Frontier Province. 

One sample of manure and one sample of water were 
received from Hyderabad State, the dyes and tanning 
materials from the Principal, Technical Institute, Cawn- 
pore, and samples of pears and perry from the Manager, 
Solon Brewery. 

B. The following assistance was rendered to other 
Sections : — 

Agricultural Section, Eleven samples of manures, 
two of feeding stuffs and 944 of milk were 
reported upon. 

Botanical Section. One sample of soil was analysed. 

M geological Section. One sample of soil and two of 
sugarcane were examined. In addition, assist- 
ance was given with analytical work during the 
initial stages of certain research work initiated 
in this Section. 

Fibre Expert. A sample of the alkaline extract of the 
sunn-hemp plant was examined for various con* 
stituents and reported upon. 

Sugar Bureau. Reports upon six samples of manures 
and 32 of sugarcane juice were submitted 

Imperial Dairy Expert. A sample of cotton seed cake 
was examined. 

V. Methods or Analysis. 

Denige's method of estimating small amounts of phos- 
phates {Analyst. 1921. 24) hits heen tested during the year. 
The method is a convenient colorimetric one, depending 
upon the depth of the blue colour which develops in the pres- 
ence of acid ammonium molybdate and stannous chloride. 
It has been observed that some ten minutes must elapse 
after the addition of the reagents lx* fore the full colour is 
developed and further that this colour begins to fade at the 
end of half an hour. On standing for a further period 
haziness: develops. Within these limitations the method 
appears to be a convenient and useful one for the estima- 
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tion of »very small amounts of phosphoric acid, and conse- 
quently its employment in conjunction with standard 
coloured glasses is being studied. 

In connection with the estimation of the available P 2 0 5 
of calcareous soils interesting results have been obtained 
by the use of alkaline carbonates in the extracting solution 
in place of the usual citric acid. These experiments will, 
however, be reviewed in some detail in the section of this 
report dealing with research and investigation. 

\ I. Research and Investigations. 

1 he wind rowing of si Kjurcane. The experiments in 
this direction have been continued by Mr. Sanyal. All the 
experimental results obtained in previous years, whether 
at Pusa or in the North-West Frontier Province, have led 
to the conclusion that the period of time during which 
wind rowed cane can be safely stored is determined mainly 
by the incidence of fairly heavy rain. In order to test 
this conclusion in a more rigorous manner a stand of cane 
(('<> 213) from a : ' 2 arre plot was lifted on January 9th, 
1923. and divided into two equal portions. One portion 
was stored in the open and exposed fully to climatic varia- 
tions, whereas the other portion was stored under shade 
and thus protected Horn rain ami the direct ravs of the 
sun. On hehruary 1st the cane from another equal plot 
of land uas lifted and treated similarly. Analyses were 
made of these windrowed canes at intervals, and a brief 
summary of results obtained is given in the following 
table: • 



W tM 


IN <’]•’ N 




y I 2.1 



i : i 

i i .< 

UM 


} 7 • i 

1. . 

'4 

1612.1 . 



i" 


It r. 


IT - : 

n-; 

■ • .» -7 4 

1 - 11 - 2.1 . 


23 


r. i r 



17 * • 

O 

’ .-1,' 

liMi :.1 , 


l 


* n 


7M 

■ 

i: M 

i* V; m; 

17 11 ‘JH , 




7 11- 



\ ' <■' 

« 2 

i : • v' 

2411*21 . 


*6 

i' r 

l : 

" 



i:. a: 
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Xo of 
dsiys 
wind* 
rowed 

WlNDBOWlD IN OPEN 

WlNDROWlD USi-tt SHADS 

I>*te 

Bm 

Cur. 

S ut-roM 

Glucose 

i 

| Purity 

Brix 

Cor. 

Siu-ro»' 

Glucose 

Purity 



1'iiued windrowed on 1* 

February, t923. 




MI-23 , 

0 ; 

18-56 

1671 

040 

00 0 

18-50 

16-71 

0-60 

900 

7-II-23 . . | 

6 

18-64 

15-56 

1*39 

1 83-5 

10-78 

17-27 

0-96 

87-3 

12-11-23 . 

11 

1H- 20 

1509 

** 

St 3 

19-55 

10-49 

0-60 

64-3 

17-11-23 . 

I 

16 

19-29 

15-18 

211 

78-7 

19 18 

10-92 ; 

j 0-54 

882 

24-IIT-?3 . . ! 

51 

2»H»7 

14 60 

4 21 

70-6 

20-53 

17-42 | 

; 1-54 j 

84-9 


The rainfall experienced during the course of the 
wind rowing was : — 


Inches 

January 22ik1, 192J .... 0*01 

,, ' 2drd „ .... 0*02 

February ltth ,, . . Oil 

„ ' 10th 0-28 

,, 17th 0*02 

24th 1*82 


A comparison of the results obtained clearly shows that 
the cane stored under protection remained in excellent 
condition, whereas that stored in the open and exposed to 
climatic influence rapidly deteriorated. This year's work 
therefore confirms the conclusions previously arrived at and 
demonstrates the possibility of storing cane in Bihar by 
windrowing, provided suitable precautions are taken. 

In conjunction with this investigation a study has been 
made regarding the nature of the enzyme# inducing deterio- 
ration of wirulrowed canes and the mechanism through 
which their activities become efiectivp. It has been found 
that these enzymes are localized in certain portions of the 
cane, particularly in the nodes, and normally do not affect 
the juice contained in the internodes. The effect of rain 
in contact with a somewhat dry windrowed cane is to bring 
about a translocation of these enzymes into the internodes 
and thus induce deterioration. These results are being 
preparer! for publication. 
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Sugar-beet. In collaboration with the Agricultural 
Officer, North-West Frontier Province, Mr. Sanyal has car- 
ried out an investigation into the effect of (a) irrigation. 
(b) storage of mature roots in pits, and ( c ) seeding of 
mature roots, on the quality and quantity of the juice. It 
is understood that these results are being compiled for 
publication. 

The “ available ” phosphate of calcareous soils. 
Dr. Sen some years ago showed that incremental additions 
of CaCO, to a soil rich in available phosphate resulted in 
decreased extraction by Dyer's citric acid method. Mr. 
Das has repeated these experiments in greater detail and 
has been able to show that the composition of the solvent 
varies with the amount of CaCO, present and that the 
amount of PAX extracted depends upon the composition of 
the solution. Dyer's method applied to soils of this type 
is in effect ail extraction by solvents of varied composition 
and is unreliable. 

Starting from this conclusion, the endeavour has been 
to discover a solvent which, whilst extracting an appre- 
ciable amount of P,0 :i . is still not naturally affected by the 
presence of varying amounts of CaCO . and in this connec- 
tion Mr. Das has studied a large number of solvents of 
divergent character in their action on Kalianpnr soil mixed 
with incremental amounts <u t at O,. hut in tin* 
majority oi (uses U was towini that tui.*' substance 
exerted a marked depressing effect upon the amount of 
p () extracted. It was discovered, however, that extrac- 
tion with solutions of alkaline carbonates very closely 
obeyed the conditions laid down, and in actual practice it 
was found that a 1 per cent solution of K : CO, was the 
most convenient for general employment. 

Comparisons wen* lirst made between man uiner- 
eut portions of the Pima Kstate when it was found that 
although the total P O, did not vary appreciably and the 
available 1\<X estimated by the citric acid method was 
uniformly lower than O-OOOfi per cent., the amount extracted 
by Ix.CO.t varied from about 0*0011 to 0-00321 per cent. 
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The next comparisons were made between a number of 
pairs of plots which had a known manurial history : — 


/; 1 

Description of plots j 

Avaii aulk P4O5 IIY 

Curio acid j 

K»CO f 

Punjab field. 

Xo manure .... 




<1*00113 

Do. 

Super ..... 



0-Oj >02‘1 

0 * 00 1:0 

Punjab field. 

k,so 4 



(Mu i 022 

0.(mm»7() 

Do. 

K , SO 4 and •super 



O-tMu’l | •> 

0*0011)4 

Pot culture h< 

»use plots. No manure 



0.01102s 

0. 003*2 1 

Do. 

Super 



0 *00107 

0 0O400 

Pot culture In 

»U$e plots. AnijSi 4 



j 

0-00 200 

Do. 

Am > 0 | and super . 



oaioo20 

0-oo:U3 

Pot cub ure h- 

mi sc plots. K ,S 0 4 



0*01 Ml 1 l 

0*00847 

Do. 

K 2 S 04 and super 



UIHMIP’, 

0 O0417 


In another ease a plot which had received a dressing of 
super several years ago and none since gave 0 00221 per 
cent. P,0, by lv,C0 3 extraction, whereas the corresponding 
no manure plot gave only 0*00132 per cent., and more 
recently, a supered plot gave 0*00227 per cent, as against 
0*00130 and 0*00107 for unmanured plots. 

Thus in practically all the cases examined, the method 
of extracting with K.CO, has differentiated between 
manured and unmanured plots, whereas the citric acid 
method yields uneven values. This being the case, an 
examination was made of soils taken from a lield showing 
very irregular growth in the cron, samples being taken 
from good portion for comparison with samples from had 
parts : — 
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Thus in three eases out of four the good soils yielded 
appreciably higher values than the bad soils with K 2 CO s 
extraction, whereas with citric acid the reverse was the 
case. 

These preliminary observations are extremely promis- 
ing and will lie further extended. 

Effect of <jH})>um on the cropping of Pum soils. In 
connection with the study of the relationship of super- 
phosphate manures to calcareous soils it became of interest 
to determine the effect of gypsum contained in commercial 
supers on the cropping value of t lie soil. Pot culture 
experiments were laid down during two cropping seasons 
to test the effect of gypsum when applied alone or in com- 
bination with green-manures or monocalcie phosphate. 
The residual effect of gypsum on the crop following that 
to which it was applied was also tested. 

As a result it was evident that gypsum exerted no bene- 
ficial effect, but on the other hand in the majority of cases 
it appeared to decidedly depress the yields. Arrangements 
were then made to test this on the field scale on one of the 
Punjab experimental plots of known cropping value rcla- 
tivelv to the surrounding plots. All the plots were green- 
manured in a uniform manner and to the test plot a dress- 
ing of gypsum was applied at the rate <0 lb. to the acre. 

Taking the average of the yields lor the past three 
voars as basis, the experimental plot showed a t l* crease of 
'2'A per cent., whereas the surrounding comparison plots 
showed an average i nr rear* nt lb per cent., thus clearly 
defining the depressing effect of gypsum. It is probable 
that this action of gypsum accounts in some measure tor 
the uncertain reaction of super when applied to the Pusa 
fields. 

The Mornnent of nitrates in tlu > oil anJ suh-seal. This 
investigation has been continued on the lines laid down in 
the previous year's report and has absorbed a large portion 
of the energies of this Section. The number of samples 
taken during the voar have totalled 1.290 and great credit 

r> Q 
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is due to the First Assistant, Mr. Mukerji, and .to the 
members of my staff for the energetic way in which the 
work has been carried on. 

The report submitted last year carried the observations 
to the end of July when a heavy monsoon had washed the 
nitrate formed at the surface into the deeper sub-soil 
layers. The effect continued, and at the end of August in 
the more open type soil columns much of the nitrate had 
passed into the layers below the depth to which borings 
had been taken. In the case of those columns which con- 
tained heavy layers the nitrate was retained more 
effectively. It would therefore appear that from the point 
of view of conservation of nitrate the best types of soil are 
those which possess a fairly heavy layer of a depth from 
three to four feet. 

In this connection an interesting set of observations 
was obtained from a field which had received a heavy 
application of green-manure. Decomposition was exceed- 
ingly rapid and within a fortnight from the burying of 
the manure the whole column might almost be said to he 
gorged with nitrate. By the end of August 11122 this 
nitrate had been carried down into the deeper layer, and 
subsequent borings showed that the cold weather crop 
obtained little benefit from it until late in the season 
The amount of nitrogen lost was in the aggregate very 
heavy, and considering the subject from the point of view 
of nitrogen conservation the propriety of manuring with 
green -manure during the earlier stages of the monscon is 
open to question. 

From November 1922 onward the results obtained 
followed closely on the lines of those for 1021-22, and 
showed that as the crop matured the nitrate in t ho soil 
column was utilized to a depth depending on the character 
of the layers in the deep sub-soil. 1 he evidence obtained 
was n<*t in favour of any considerable upward movement 
of nitrate. 

This investigation was extended to an area in Harpur 
Jlnlli field planted with cane in February 1923 and heavily 
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manured later with cake. The most remarkable feature 
noticed hitherto has been the large formation of nitrate in 
the surface layers, but as the monsoon this year has only 
yielded about ft inches of rain to date this nitrate has not 
been washed down into the sub-soil layers. An interesting 
speculation might be made on the probable fate of this 
nitrate during a heavy monsoon. 

During the ensuing year an attempt will be made to 
extend the investigation to other crops and to land per- 
manently under pasture. 

VII. Programme of work for 1923-24. 

.1 Iff jo r whj<‘Ct>\ 

1. Continuation of tho investigation into the amount 
and nature of drainage water from cropped and fallow 
land. 

2. The influence of manuring on the composition of 
crop. 

;b The mode of action of phosphatic manures in cal- 
careous soils. 

4. The determination of the available P,0. in calcare- 
ous soils and its correlation with cropping value and 
manorial reaction. 

5. The movement of nitrates in Pusa soils. 

tj. A study of the chemical and physical factors invohed 
in combined applications of green-manures and super- 
phosphate. 

7. Variations in the quality of the milk from selected 
cows. 


Minor subjects. 

1 \ comparison of the accuracy of various analytical 

>niethods. 

2. Analytical work for other Sections. 
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Harrison, W. H. 
Sanyal, P. B. . 


Mukerji, J. N. . 


VIII. Publications. 

. Report on Agricultural Chemistry, 1921-22, 
for the Board of Scientific Advice. 

. A Afetkod for the accurate Determination of 
Carbonic Acid present as Carbonate in 
Soil. Pusa Agri . Res. Inst. Bull . 161. 
(In the press.) 

. Carbon-Dioxide in Soil Cases. Agri. Jour. 
India. (In the press.) 
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REPORT OF THE PHYSIOLOGICAL CHEMIST. 

(A. V i s w an at 1 1 a Iyer, B.A.) 

I. Charge and Staff. 

Mr. F. .J. Warth held charge of this Section from 1st 
July, 1922, to Oth April, 1923, when he proceeded on eight 
months’ leave on average pay and I took over charge. 

II. Development. 

A considerable amount of development has taken place 
during the past year. 

Reclamation, by extensive soil carting, has been effected 
on part of the area allotted to the Physiological Chemist. 

A weighbridge has been purchased, set up. and housed 
within the standing area. A barn has been constructed. 
The possession of the barn has made it possible to lay in 
an ample food supply and to increase the live stock. 

There are now 10 bullocks in the nutrition stalls and 
all are under experiment. 

A trial shed was constructed for nitrogen metabolism 
experiments and its utility established. I’sing the experi- 
ence gained from the temporary shed, a more permanent 
structure has now been erected for this work. 

All this construction work, while it was in progress, 
very seriously interfered with the feeding experiments. 
These difficulties are now past and the experiments are pro- 
ceeding, with the various facilities which have been pro- 
vided. under greatly impro\ed conditions 

HI. Emigratory Work. 

1. Testing of methods. Experiments under this head 
have been confined to an examination of the carbohydrates 
of paddy straw and their digestion. The work is in its 
initial stages and calls for no remarks. 

2. Pepsin soluble nitrogen. The experiments of the 
previous year have been continued on all suitable material 



n SCIENTIFIC REPORTS OF THE AGRICULTURAL RESEARCH 


from current digestion experiments. The work has now 
been placed on a much sounder basis by the discovery and 
application of a modified process which yields more con- 
cordant results. 

The method consists in treating the sample with 500 c.c. 
of 01 per cent N/10 HC1 for 48 hours in an incubator at 
37°C. After this the whole thing is filtered through a 
Buchner funnel aided by the pump, washed with water, 
and nitrogen determined in the residue. This gives the 
insoluble nitrogen. 

In the matter of the determination of insoluble nitrogen 
in fodders like mustard cake, no difficulty was experienced 
and concordant results were obtained between duplicates, 
which left no doubt regarding the suitability of the method 
for samples like mustard cake. 

But when the pepsin insoluble nitrogen in fresh faeces 
is determined difficulties seem to arise : — 

(i) The action was not complete at the end of 48 

hours. 

(i i) The duplicates were not agreeing and the error 

was as much as 15 per cent. — generally between 
l and 3 per cent. 

(iii) In some cases the filtration of the substance took 

as much as 24 hours, even when aided by the 
pump. 

(/ r) In some cases there appeared to be some fungoid 
growth. 

To see the effect of time a series was started keeping 
the samples under the same conditions for different periods, 
the solution strength remaining the same as before, viz., 
500 c.c. of N/10 HC1 with 0*5 grin, pepsin, and the results 
are given below: — 


Table I. 


\ 72 hrs. 

j 120 hrs, 

| 

144 hrs. 

168 hrs. 

j 210 hrs. 

264 hrs. 

No. 1 . 

. 0*9025 

0*8694 

0*8318 

0-SO39 

1 0*8078 

0*7.785 

No. 2 . 

0*9340 

0*8711 

0*8291 

0*8079 | 

0*7872 

0*7086 
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■ Simultaneous with the above another series was started 
using different strengths of acid but keeping the time 
factor constant. A modification in the washing of the 
residue was also undertaken. The washing in this case 
was done with N/10 TiCl (using 250 c.c.) instead of with 
water as before, and the results are given below 


Table II. 



X/10 HO 

1 

N/5 Hd 


No. 1 

. . r> s23 

0-7 ITS 

Kejit in the incubator for 96 


S "S2'JS 

0-7520 

hour-. 

No. 2 . 

. ‘ i>s2v> 

0-75* *3 



j o-sifii 

O'7-W 



On an examination of the figures in Table I it would 
be observed that there was fair agreement between dupli- 
cates for 120 hours. 144 hours, and 10 Q hours, but the dif- 
ferences for others were so abnormal as could not be put 
down for experimental error When the washings were 
done with X 10 IICl the agreement between duplicates was 
remarkably good, the error remaining within 1 per cent. 
A perusal of the figures in Table II will illustrate the point. 

As soon as the question of washing the residues was 
settled, another series in duplicate was started with dif- 
ferent strengths of acid (X 10. X 5. X 2 5 and X.HC1) and 
the samples were filtered after 72 hours and 06 hours. The 
results are sot out below : 



Table 

m. 



Time 

x/io h n 

j \ r> un 

X2-5RC1 

N. HC1 

72 hrs. 

0-679$ 

0-6191 

0-5950 

0\>9$2 

"96 hrs. 

Of >704 

0 00.M 

0-5790 

0-5S25 


Figures in Tables I, II .mT III pyres-nl oAuUr.l on <Iry basis. 
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from a perusal of the figures in Table III it will be 
observed that there is practically no variation with the 
results obtained with N/2-5 HC1 and N.HC1 in the case of 
samples kept for 96 hours and the lowest limit has also 
been reached. From another series it was seen that there 
is no appreciable variation in the results obtained from 
those tor 96 hours, keeping the strength of acid at normal, 
even if kept for longer periods than 96 hours. All these 
experiments have very nearly settled the technique for the 
pepsin treatment of faeces, viz . , the strength of acid to be 
normal and the period for which the samples are to be kept 
is 96 hours and washing the residues to get rid of the 
excess pepsin and dissolved nitrogen is to be done by N 10 
HC1, at least 250 c.c. being used. 

3. A nulysis of Indian foodstuffs. Ninety-two samples 
of joicar [Sorghum), collected from different parts of the 
country, have been analysed during the past two years. 
Other data are being collected in connection with digestion 
experiments. 

4. A Mil y sis of green fodders. In the course of the 
digestion experiments on green fodders described below, it 
was found that on drying there occur losses of nitrogen 
which in some cases are too great to be ignored. 


Tajjle IV. 


i 

Arc race from ! 

four (lavs, | 

7-VI-23 to ! 

1Q-VL23 | 

Average from ! 

four (lav.-*. 

11-VL23 t<> 

14- Vi-23 

A vc-nee from 
two (lavs, 

1.7 VI 23 and 
16- VI 23 


Per cent 1 

i 

i’er cent 

Per cent. 

Nitrogen in fnsh lucerne 

i 

2-*74 

2-929 

2-623 

Nitrogen in oven-dried lucerne. 

1 

2-945 

2-313 

2 446 
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Date .Sample Fresh Oven-dried 


: i 

Per cent. 

Per cent. 

Per cen t. 

Per cent 



average 


average 

15th September 1922 Maize stalk 

0 5938 ; 


0-4922 i 

0-4940 

V 

0*5891 



0-5893 ) 


0-4957 ) 


,, , , Maize leaf 

2‘02UU . 

2 0019 

1 0310 ^ 
l*040o j 

1*0380 


2-1039 ) 



,, . , J.<war -talk 

0 0253 

0-0252 

0 0172 

00135 




0-0099 S 

„ . , , J'.-w.ir leaf 

2-210") 

2-2420 

1 -9050 ) 

1-8990 


2 2740 ] 


1 -&94U ) 



To make adequate allowance for such losses the pre- 
liminary feeding tests with green fodders involved very 
heavy laboratory work. 

A new technique is now under trial by means of which 
it is expected to get over tins ditliculty. 

5. Anal if ms in connect inn frith feed in a (rods, lhe 
following analyses have been tarried out during the last 
year - 

Concentrates and straw: — 


(’omplete analyse"* 


ol 

Nitiogen only . 


41 

Moisture only . 


lot 

Green fodders : — 

Complete analyses 



Nitrogen only . 


1M 

Moisture only . 


loS 

Pieces : — 

Complete anal\>e> . 


4S 

Nitrogen only . 


'2'M\ 

Moisture only 


till) 

Urine : — 

Tom plot e analyse- 


7S 

Nitrogen only . 

Total 

1 ID 

. 1 .001 
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IV. Work in the Feeding Stalls. 

1. Digestion co-efficients . During the past year, 
digestion co-efficients of nine typical concentrates have 
been determined. One of the samples was sent by the 
Bengal Department of Agriculture, one was a local sample 
and the remaining 7 came from military dairies. 

2. Digestion experiments with paddy straw. The past 
years work on paddy straw yielded some interesting 
results. The average digestion eo-efficieuts found for fibre 
and nitrogen-free extracts were 72 and 44 respectively. 
The corresponding averages found in American experi- 
ments are 59 and 4b. Given straw’ of average composition, 
these figures indicate that our bullocks have digested 10 
per cent, more organic matter than was digested in the 
American experiments. These favourable results at Pusa 
may be due to a more highly developed digestion capacity 
of the breed of bullocks employed. 

The figures for the apparent digestion of straw nitro- 
gen demand special attention. It would appear that only 
in one set of tests did the animals derive any nitrogen 
from the straw. In the remaining tests the digestion was 
negative — more nitrogen being eliminated in the faxes 
than was supplied by the straw. 

T.vbie V. 

Results of six experiments showing digestion of straw nitrogen. 

_ QrnTTTY mOT^TF.n DAH.T HT 


trill. 

r 2* '>6 
1*25 

- o ;c 

- 1*78 

- 3-05 


Exp^rirnf-nt hitr«>ir**n 

in straw Kail. is 


triii. 


1 

- y-44 2 

3-30 

II 

; 0*»> 12 

-4-ln 

III 

0-.702 

—1*37 

IV 

0492 

- l-i>4 

V 

0-402 

- 301 

VI 

1 0-402 

— 2*s2 
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An inspection of this table makes it clear that the posi- 
tive digestion in experiment II is associated with an un- 
usually high nitrogen content of straw. In the succeeding 
experiments the nitrogen content of the straw diminished 
steadily, and with this diminishing nitrogen content of 
the straw there occurs a fairly regular increase of negative 
digestion. These results show that small differences in 
the nitrogen content of the straw may cause significant 
differences in nutritive effect. The nitrogen content of the 
straw, therefore, deserves attention. 

A paper on these digestion experiments has been 
published in the ** Agricultural Journal of India (XVIII. 
5, ]). 4J0). Similar work with other straw has now been 
taken in hand. 

H. Ma\nt*uau<p e ( imonts. Some data on mainten- 
ance rations have been obtained and are appended below. 
Further determinations are in progress 

Tai.i.i: VI. 

M<1 ut>: Uir, r, i>< t! < . • .. ‘ . 


M-ihi-Fv. K : 


PrijtiM-l 
Carl* '!iv-!r 
Fat . 


1-lO 
1 -c i 


Nutritive ratij vi d.. 


101 l : i j 


The Inst column shows that the propoiimn of nutrients 
digested bv the two animals agrees closely with the pro- 
|H»rtion in which the food was given, namely. 1 1 

The nutritive rat it » of the digested tood is seen to lv 
a very wide one. It would appear that sueh ratio must bo 
considered a normal one for bullocks in India. 




40 SCIENTIFIC KEPOK I\S OF /THE AGRICULTURAL RESEARCH 


The ration is, according to experiments now in pro- 
gress, undoubtedly liberal as regards proteid. 

4. Nitrogen metabolism. The designing and setting 
up of a new apparatus by Mr. Warth for this deter- 
mination is the most important work which has been 
accomplished in the nutrition stalls. Bv its use the urine 
can be collected quantitatively for long periods (ten-day 
tests have been carried out) without inconveniencing or 
tiring the animals in any way. By means of this process 
nitrogen metabolism determination can be carried out with 
ease and accuracy. 

The following experimental data illustrate the utility 
of the process. 

A test with two bullocks, carried out continuously for 
live days, yielded the results shown in the accompanying 
table. 


Table YII. 


Bullock A Bullock B 



T..tal 

Tot.'.l 

T t il 

Tnt.l! 


urine 

nit r* u't'n 

urine 

nitr< •urn 


in o.o. 

, in cmi. 

in 

in urm. 

lit 24 hours peri d 


12-21 

3,410 

13-7S 

2nd ,, ... 

4.220 

1210 

3,1 iso 

nio 

3rd „ „ . 

. ! 4,410 

1340 

1.-.37 

1423 

4th 

. ; 3. 

1 

1 1 S2 

3, l.M 

1 1 

Oth. ,, . 

3,310 

1101 

3. l>u 

11-04 


It will be seen that both animals gave a distinct maxi- 
mum on the third day after which there was marked fall. 
These changes are fine to the climatic factor, which, it is 
evident, may be readily studied with the aid of the 
apparatus. 

A description of the process is published in the “ Agri- 
cultural Journal of India ” (XVIII, 3, p. 267). 
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Four nitrogen metabolism tests have been completed 
since the apparatus was set up. 

5. Experiments frith green fodders. A series of six 
digestibility determinations of green maize, jon;at\ and 
grass at different stages of development have been carried 
out. 

An experiment to compare the feeding value of lucerne 
and berseem has also been completed. 

In another set of experiments the minimum green 
fodder required to substitute for concentrates in a main- 
tenance ration is being determined. This question is of 
cons idem ble | > r a c-t ieal i in | >o r t ; i n ce . 

Y. I’RoGRVMMF OF WORK FOR 1023-24. 

Mnjtir <uh}t'cts. 

1. Determination of the digestion co-eflicients of 
important Indian ( nurse fodders and concentrates. 

Dust year paddv Mraw vielded results whicli appear to 
be worth following up. 

This year similar work will be carried nut on a variety 
of straws. 

2 The studv of the nitrogen metabolism of Indian 
cattle. 

To this enquiry the determination of maintenance 
rations has now been added. 

The apparatus recently devised for nitrogen meta- 
bolism experiments offers certain advantages, is working 
well, and mav he expected to yield useful results. 

Experiments t<> study the influence of different types 
of food on the nitrogen balance have been commenced, 

:] A study of the chemical methods involved in the 
above enquiries. 

The routine analytical work has been to a gieat extent 
standardized. 
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Attention is now being directed to the estimation of 
carbohydrates in coarse fodders. Work on the nitrogen 
content of green fodders has also been undertaken. 

JJ inor subjects. 

Work on the minor subjects specified in last year's pro- 
gramme will be taken up as opportunity offers. 

VI. Publications. 

. A. Nitrogen Metabolism Stall for TLiU-ieks. 

Aijri. Jour . India, XVIII, 3, p. 267. 

. Digestion Experiments with Paddy Straw. 
Ayri. Jour . India , XVIII, 5, p. 456. 


Worth, F. J. 
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REPORT OF THE IMPERIAL AGRICULTURAL 
BACTERIOLOGIST. 

(C. M. HfTrHixsox, C.I.E., B.A.) 

I. Administration'. 

I held charge of the Section throughout the year. 

Mr. J. H. Walton, Assistant Bacteriologist, was on 
combined leave for one year from 17th February, 1923. 

Mr. N, \ . Joshi, First Assistant, acted as Assistant 
Bacteriologist in place of Mr. J. H. Walton. 

II. Training . 

Balm Indu Bhusan ( 'hatter ji, Assistant to the Agricul- 
tural Chemist, Bengal, was under training in this Section 
from 20th April, 1921 He finished his course and was 
relieved from this Section on 4th February, 1923. 

Mr Sanyasi Raju. a private student from Coimbatore, 
joined this Section, tor a course of soil bacteriology, on 
bth .Inly, 1922. lit* was put to the Chemical Section to 
get a training in quantitative estimation of soil nitrogen 
and phosphate, as a preliminary to receiving instruction 
in this Section. He is now under training here from 7th 
October. 1922. 

Mr. Ko Ko ( iyi. Assistant to the Agricultural Chemist. 
Burma, is under training in this Section from 14th Oct- ./her. 

1922. 

Mr. 1\. \l \nra\nun Iyer. Agricultural Chemi-:. 
Travaimuv Stale, ha^ joined this Sn-tion on 4th Aphl. 

1923, to undergo trainit a in au r rii uitural hsctenehgv. 

Ill >.,n. Bun „.v. 

Nitrogen fixation in soil by “ non-symbiotic " 
organisms. 1 he \\> -v. f?. t;r!> Mi'M’' 1 \ re’. 'U’O 
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was continued and the following experiments were carried 
out : — 

I. A large number of experiments was carried out to 
obtain further information as to the symbiotic relationship 
between algie and nitrogen-fixing soil organisms. Large 
differences in fixation were found to occur as the result of 
the influence of light and darkness upon algal growth; 
thus in three months January to April the nitrogen fixed 
by a mixed culture of alga? and soil organisms was 1*19 
mg. in the dark and 3*50 mg. in the light; a second series 
run from 2nd July to 1st August gave 2-55 mg. nitrogen 
in the dark and 9’6 mg. nitrogen in the light. 

Fermented residues of a green manure crop (Crotalaria 
juncea) were used to replace mannite as a source of energy 
in a pure culture of azotobacter: 2 grm. of this material 
gave a fixation of I d mg. nitrogen in 24 days, 4th July to 
2Sth July, 1922. This would correspond in the field to a 
fixation of about 15 lb. nitrogen to the ton of green manure 
in three weeks' time. Other experiments were made using 
i variety of cellulose decomposition products. 

II. The effect of various organic residues and compounds . 
upon nitrogen fixation in soil. 

Various green manures and crop residues were experi- 
mented with and large differences were noted in their Mut- 
ability as sources of energy for nitrogen fixation by soil 
organisms; thus hajra (Pennhrtnm typhoiflenm) gave 33*9fi 
mg. of added nitrogen, whilst cowpea gave 12 03 mg. and 
( Polyalthia longijolia) leaves gave only 5*32 mg over 
a period of 3 months. These amounts were greatly increased 
by the introduction of fermenting organisms in the form 
of a watery extract of cow manure. Previous fermenta- 
tion of the organic residues considerably increased their 
apparent value as sources of energy for azotobacter and 
optimal periods of fermentation were found which varied 
with different materials. Thus maize which unfermented 
helped to fix 27 mg., when fermented for one month before 
adding it to the soil, gave a nitrogen increase of 47 mg. 





INSTITrTE, PI'S A, FOR 1022-23 


4j 


which was reduced to ‘34 mg. when fermentation had been 
continued for three months. Similarly fermented straw 
gave 19‘3 mg. nitrogen as against 9-25 mg. nitrogen fixed 
in soil by un fermented straw over a 3 months’ period. 

I IT. Nitrogen fixation was found to occur in cowdung 
alone, and to be increased by some 1 5 per cent, by the addi- 
tion of straw. Fixation also ton); place in a mixture of 
15 grin, straw with 20 c.e. of a water extract of cowdung 
(1 grin, in 50 c.e.). 

IV. Fixation of nitrogen in pure c ulture's of azot< Factor 
was increased by small additions of nitrate (5 mg. per 100 
c.e. of culture solution), larger amounts inhibited fixation 
completely and resulted in reduction of the added nitrate. 
Artificial aeration (by aspirated air) increased the amount 
of fixation from * mg. to 9 mg. per gramme of mannite and 
at the same time greatly increased the growth »>f azoto- 
hacter. 

Experiments were made to determine tl;e relative rates 
. -f utilization of dextrose by various nitrogen fixing orga- 
nisms, azotuhac ter. Clostridium. H. rm/ovVo, 7 ,/ and a mixed 
culture from mw manure, in liquid culture. Tlie results 
are shown in the accompanying graph (Plate T) 

The* effect of an indigenous rock phosphate on nitrogen 
fixation in pure mil tine by azotohacter was compared with 
that of basic* slag: the former had a distinct depressive 
action, whereas slag has a decidedly beneficial effect. 

V. Nitrogen fixation was found to he active in river 
Alt and a vigorous growth of alga* occ urred in this medium 
in diffused light. More than double the quantity of nitro- 
gen was fixed in the light than when the silt was kept in 
darkness (17 3 mg. and >-2 mg. per 100 gnu. silt), thus 
affording further evidence* of the symbiotic relationship 
existing between the algal growth and that of azetobacter. 
Addition of mannite added some 4 mg. nitrogen to the 
amount fixed without it. 

Eight varieties of alga\ distinguished by morphological 
characters under microscopic examination, were tested in 
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pure cultures in symbiosis with azotobacter and gave vary- 
ing results — some negative (3) and some positive increases — 
from 0 48 mg. to 24 mg. nitrogen above the controls. In 
a rich garden soil showing algal growth the amounts of 
nitrogen fixed in four months were: in darkness 54 mg.; 
in light 77 mg.: with nitrate (5 mg. per 100 grm. soil) in 
light, 91 mg. per 100 grm. soil. Artificial aeration in 
culture solutions containing alga? and azotobacter was 
found to depress nitrogen fixation to a considerable extent. 

VI. Field experiments to determine the effect of various 
manurial and other treatments were commenced: the results 
will be reported later. 

The facts above recorded, although forming no doubt 
but a fraction of the greater mass of information which 
will Ido necessary for any adequate understanding of this 
important subject, yet serve t«» indicate not only that pro- 
gress is being made in the right direction, but that the 
possibilities connected with solution of the problem arc 
fully as great as they appeared when that problem was 
first attacked. Briefly, we know by observation that large 
amounts of nitrogen can be added to Indian field soils bv 
asymbiotic organisms, but nothing was known to the 
causes responsible for the very wide variations in this 
amount in the same soils from year to year. The hopeful 
features of our results are that we have been able to obtain 
and establish similar variations under known and coin 
trolled conditions, these latter not involving the utilization 
of economically impossible sources of energy >in!i as sugar 
or molasses, but taking advantage of our pre\iou- woik or 
fermentation of organic residue- and thus reiving on indi- 
genous raw material alone. The symbiotic ivlat ion-bin- 
with algie arc naturally of extraordinary interest in ti i- 
cmintrv where these organisms are present in ever. -«■■!. 
and it can be only a matter of time ami I'mther «e-ran 1 
along tin* right lines before we arc able to indicate in what 
r unner the management of tin- soil mav be m. dified -o a.- 
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to increase the amount and rate of nitrogen fixation 
naturally taking place therein. 

Nitrification. Further work <n the activation of 
nitrification of cattle urine was carried out with a view to 
conservation of its nitrogen content. A method of doing 
this, suitable for use by the ordinary Indian cattle owner, 
was worked out, consisting essentially of the use of a suit- 
ably prepared aerating filter bed made of broken brick or 
rubble, the passage of the collected and diluted urine 
through this bed resulting in the formation of nitrates and 
recovery of the major portion of the original nitrogen con- 
tent of the urine in this form. 

The effect of composting with phosphates and sulphur 
upon the nitrification of various refractory sources of 
organic nitrogen such as mahua cake hid folia) was 

further studied, in relation to the problem of solubilization 
of mineral phosphates by the same means. The general 
conclusion arrived at as a result of these experiments, in 
continuation of those of previous years, was that it is highly 
advantageous when dealing with the problem of the use of 
organic manures and residues, to make use of the method 
of fermentation under controlled conditions, already 
worked out at Pusa and recommended in the case of green 
manures. 

The formation of nitrates and their vertical and hori- 
zontal distribution in soils under varying conditions of 
cropping and cultivation was further studied in field plots. 

Green-manuring. The results of the green-manuring 
experiments on the Punjab Experimental Area of the farm 
were made the subject of a paper in the “ Agricultural 
.Journal of India.*’ The continued residual effect of large 
applications of fermented green manure was a marked 
feature of the returns and the effectiveness of such applica- 
tions in conjunction with the use of superphosphate was 
also most noticeable. The most remarkable result, how- 
ever. was that obtained by putting in a fresh crop of 
.green manure (* 'mtahn : a over the whole area five 
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years after application of the original nianurial and other 
differential treatment. The application of this green 
manure gave an immediate increase in the succeeding cold 
weather cereal crop over the whole of the plots, but the 
remarkable feature of the returns was the obvious persis- 
tence of the effect of the original applications of super- 
phosphate on certain plots, although these were made five 
years before. The underlying causes are naturally obscure 
but the importance of the result from an economic point of 
view alone, has led to the initiation of experiments designed 
to throw light on this interesting problem, with special 
reference to the possibility of bacterial intervention play- 
ing a considerable part in the matter. A field scale experi- 
ment confirmed the conclusions drawn from small plots in 
the previous season that in using wiinai (Crotalaria 
juncea) as a green manure it might be advantageous to 
combine with this operation the separation of the stems as 
a source of fibre, the tops and leaves alone being buried in 
the soil. The green manure effect of such separation on 
the following rabi crop was found in some cases to be better 
and in all cases to be at least equal to that of the whole 
plant. 

Bacterial decomposition of organic residues, fur- 
ther study of this subject with special reference to cellulose 
led to the isolation of a specific organism capable of dis- 
solving cellulose under aerobic conditions but only in 
symbiosis with certain other soil bacteria of which several 
were found. None of these secondary organisms had any 
capacity for cellulose destruction either individually or in 
symbiosis with any other except the specific one first men- 
tioned. The characters and relationships of those organ- 
isms will form the subject of a paper to 1*' published in due 
course. 

Solubilization of mineral phosphates. Further work 
was done on this subject in view of the importance ot 
bringing into use the large, but at present scarcely touched, 
supplies of indigenous phosphates in this country. 
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By the use of cultures of sulphur-oxidizing bacteria, 
these being watered into composts containing rock phos- 
phate and sulphur, very great advances were made in the 
percentage of phosphate rendered soluble. In the previous 
report it was shown that by composting phosphate, cake, 
and sulphur, some 4 3 per cent, of phosphate was solubi- 
lized in sixteen weeks. By the addition of bacterial 
cultures this amount was increased to 669 per cent, with 
one culture and to 88'9 per cent, with another, in a period 
of only ten weeks. Ihese results were obtained with 
indigenous rock phosphates; the same cultures acting on 
pare tricaleic phosphate solubilized 65 per cent, and 95 9 
per cent, respectively. An interesting observation was 
made as to the beneficial effect of additions of gvpsum to 
the sulphur-phosphate compost. Such additions appeared 
to increase solubilization by improving the physical texture 
ot the mass with regard to aeration, this latter condition 
being a vital tactor in oxidation of sulphur bv bacterial 
action. A paper on this subject was written Tor the 
“ Agricultural Journal of India.” 


IV. l\im;»t. 

A\ork on this subject was iu\e>su‘ily curtailed a> a 
result of the death ,.f the Assistant Havteriol- gist 
Mr. Petty who had been specially recruited to deal with 
industrial research problems. 

Experiments on the use of pure cultures of indicau- 
hydrolyzing bacteria on a lauory scale domou>;rate ! the 
necessity of further work to ascertain the iv>: methods of 
establishing such bacteria in the indie-' vats in a cou- 
eentration sufficient to secure the preponderance of their 
action over that of adventitious orguni>ms unavoidable 
introduced with the water or the plant itself. In view 
of the closing down of the Indigo Chemist's Section and 
the abolition of the j>ost of Assistant Bacteriologist in 
this Section, work on thi> subject must iu\essarilv be 
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relegated to a subordinate position. Some interesting 
observations were made on the losses occurring between 
steeping and beating; it was found that an interval of at 
least one hour may be allowed without appreciable 
deterioration or loss. A series of experiments on the 
neutralization of the fermented liquor with caustic soda 
before beating gave results which led to definite conclusions 
of practical value. In cases where fermentation and 
settling are normal no advantage is to be obtained by the 
use of soda; when, however, fermentation is poor, settling 
bad, and produce low, neutralization with caustic soda 
may be recommended as likely to result in improved 
settling and increased yield of indigo. The results of these 
experiments are detailed in an Indigo Publication now 
in the press. 

A considerable amount of work was done on the subject 
of sterilization of indigo paste. Numerous bacteria were 
isolated from paste in a fermenting condition, some samples 
of which had been imperfectly sterilized in England with 
paranitranilin and others by heat. The thermal death point 
of these was determined and recommendations as to appro- 
priate methods of sterilization by heat were made. 

V. Bacterial infection of Sugar Mills. 

Investigations were made of the character and specific 
action of various organisms found as contaminations in the 
cane juice of sugar mills in Bihar A constant small 
percentage loss of sugar occurs in the mill part of which 
is probably due to inversion during the short time of passage 
from the rollers to the evaporating plant. Although a 
large number of organisms were found, only a few of these 
possessed any considerable inverting power, and further 
work will be required to determine the practical significance 
ot their presence in the cane juice in the mill. It appears 
probable, however, that some degree of antiseptic precaution 
in the mill would be attended with advantages. 
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VI. E.C. 

hurther work on this antiseptic has now led to the 
standardization of a type of electrolytic apparatus specially 
designed for its preparation and made hy Messrs. Mather 
and Platt of Manchester, i his apparatus is specially 
designed tor use in hospitals and can be run on an ordinary 
lighting circuit without any expert knowledge. As this 
preparation has a carbolic eu-eflicient of 3 9 and is made 
from entirely indigenous materials at a very low cost its use 
should allow of great savings in outlay on antiseptics 
whether for hospital or other purposes, and especially for 
sterilization of water as a preventive measure against 
cholera. 

1 read a paper on this subject before the Medical 
Section of the Indian Science Congress at Lucknow. 
Arrangements were completed to supply the Government 
of Bihar and Orissa with sufficient quantities of E.C. to 
meet the requirements of five of the principal hospitals in 
that province until such time as these institutions should be 
m a position to produce their own supplies. The appoint- 
ment ot a special officer to take charge of this production 
tor the province has been sanctioned by t lie Local Govern- 
ment. 


VI] Programme of work for 1 923-2*4 


Ma jot 


Soil biolooif — 

This will include continuation of the work above re- 
ported on nitrogen fixation, nitrification, solu- 
bilization of indigenous phosphates, and the 
rule of soil bacteria in modifying the supply of 
available phosphates to crops. 

Training of students. 


Industrial bioloay- 

Owing to the abolition of the post of Assistant 
Bacteriologist the programme of work on the 
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subjects coming under this head will *neces- 
sarilv be very much restricted in scope and will 
not include the work it was hoped to carry out 
on the important subject of fermentation of 
foodstuffs. 

Work will be done on dairy antisepsis. 

Minor. 

Bacterial diseases of plants. 

Biological analyses of soils. 

Pure cultures of yeasts and other fermentation organ- 
isms. 

Minor industrial researches. 

VIII. P UR MU AT IONS. 

Hutchinson, C. M. . Source oi Error in Pot Culture Experiment*. 

Anri. Jour, of India, Yol. XVII, Pt. V, 
Sept. 1022. 

,, A comparison ot E.C., Bleach and Chloro- 

gen. Ind. Mi‘d . (lazette , Yol. LYli, Oc- 
tober 1022. 

,, The value oi’ Fermented Green Mauuie* a> 

tested at Pu>a By the pievalued Plot 
Method. Agri. Jour. of India , 
Yol. XVIII, Pt. HI. May 102B. 

,, Repo it on Agricultural Bacteriology, 

1021-22, tor the Board ot Scion ti tic 
Advii c. 

Jo'hi, X . V. . Comparative manorial value of the whole 

Plant' and the ditfeient part* of Green 
Mamaev l*n.«i A'jri . Kes. ?mt. Bull 
III. 
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REPORT OE THE IMPERIAL MYCOLOGIST. 

(W. McRae, M.A., B.Sc., F.L.S.) 

L Charge and Establishment. 

Throughout the year I was in charge of the Section 
and Dr. Shaw was Second Imperial Mycologist. Mr. J. F. 
Dastur left on the 12th February to take up an acting 
appointment of Mycologist to the Government of the 
Central Provinces. 


II. Training. 

Mr. T. X. Sen, 15. A., a private student, completed his 
course of training in November. Mr. Sankara Menon. 
13. A., 13. Ag.. a member of the Agricultural Service of 
Cochin State, had a six months’ post-graduate course. 
Sirdar Xiranjan Singh, Demonstrator in Botany, Khalsa 
College. Lahore, worked in the laboratory from Julv to 
September, and Mr. II. X Das. Lecturer in Botany, Gov- 
ernment College. Lahore, for two weeks in September 

III. Diseases of Plants. 

(1) Cereals. The work on Pirlcubirli found o;. 
various cereals and grasses was continued but no 
marked results were recorded. The selerotial fungus 
found on rice plants last year has been shown by 
experiment to produce on the leaf-sheaths light Yellow, 
brown spots sharply demarcated In a dark reddi-m 
brown lino that gradually spreads over t ho p am 
so that death ensues. By eight days after the infective 
materia) had been sown the plants were dying in consider- 
able numliers and nearly all were dead within three weeks. 
The fungus is not yet definitely determined. Inuvtion 
experiments with it <m sugarcane were not successful and 
its identity with the fungus causing the disease known as 
Djamoer Oepas in Java and also found in India L still 
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not established though the two fungi in their sclerotial 
stage appear morphologically to be the same. Infection 
experiments with the species of Cephalosporium isolated 
from barren rice plants from Assam gave negative results 
on rice plants grown in Pusa soil. They will be repeated 
on soil of a different type. 

From the field experiments at Pusa to control smut 
caused by Toly pospori urn PenicilUtrice on bajra (Pennise- 
turn typhoideum) no definite conclusions could be drawn 
regarding the effects of seed treatment on the prevention of 
the smut because the incidence of the disease was slight. 
Nor at Baroda were the results more definitely conclusive, 
but the Director of Agriculture reports that the smut on 
treated plots was decidedly less than on untreated plots 
on the farm. As this smut is unknown in Mirpurklms 
and Lyallpur, seeds obtained from these places by the 
courtesy of the Deputy Director of Agriculture, Karachi, 
and the Professor of Agriculture. Lyallpur, were sown at 
Pusa and Baroda. At Baroda these varieties were as 
much smutted as the local varieties. At Pusa they had no 
smut but then there was remarkably little smut in bajra 
in Pusa this season. Seed treatment against downy 
mildew of maize also gave no results because of the very 
slight incidence of disease. The plants from the treated 
seed seemed larger and greener at first but by flowering 
time there was no visible difference between the two sets 
of plots. * Mildew was observed in July but never spread. 
It is remarkable that both smut and mildew did so little 
damage in Pusa as this monsoon was a heavy one with 
hardly any breaks so that the humidity was continuously 
high yet the temperatures were uniformly lower and that 
probably accounts for the mildness of these diseases. 

Foot rot of wheat in Dharwar and the Central Pro- 
vinces causes considerable loss in all stages of growth. 
Several fungi were isolated from diseased plants and their 
pathogenesis was investigated. A species of llelmintho- 
sporinm obtained from both localities was shown to be able 
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to kill wheat seedlings. This fungus is possibly the cause 
of the disease but its connection, if any, with the species of 
Acrotkecirnu and Alter an ria often found associated with 
it and sometimes Rhizoctonia is under investigation. Foot 
rot is said generally to be found in those fields which have 
been sown early, so it is just possible that in areas where 
the disease causes much loss it* the sowing be delayed till 
the cold weather has really set in there would be very little 
trouble. 

The study ot the genus Helnunthosporinm on cereals 
was continued with special reference to the relationship 
between those on grasses and (Top plants. The species on 
wheat considered to be a strain of II . sat i rum showed great 
variation in culture. Of the variants isolated some revert- 
ed after a few generations to the characteristics of the 
parent culture while others remained constant. When 
these were inoculated on to wheat plants the fungus isolated 
from diseased spots however had the character of the ori- 
ginal strain. 

(2) Jute. The experiments to determine the influence 
of applications of sodium sulphate as manure on the growth 
of jute ami the incidence of disease were continued in two 
plots. That which hail received applications of sodium 
sulphate contained 1.3M plants weighing .>.>3 lb. and 
disease was entirclv absent. The other plot which had not 
received sodium sulphate contained 1.342 plants of which 
744 were diseased. The weight of this crop was only 2*2b 
lb. A more extensive series of field experiments has been 
laid down to test the ;n-eiirac\ am! applicability of the 
result indicated hv the experiments which have been in 
progress. The minima e o» the n»mpo>it bm <>f the soil up m 
the ii^cidome of dmeasr m jute is also lving studied in the 
laboratory by a .-eric- of tiilnne- designed to tom the cliVcl 
of certain lonstitm nt> of the soil * 0 the growth of the 
fungus in multure. Id u> the present work has been i. n- 
fined to demising method" hv which the am* un: ot growth 
in a normal itdlure solution under mnstanl i-'iniitions i; av 
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be measured. Considerable difficulty has been experienced 
in keeping all the factors constant. In particular the 
introduction of equal amounts of the inoculum is a factor 
of considerable importance in the amount of growth pro- 
duced. 

(31 Cucurbitaceae. Strains of Pythium were found 
to be prevalent on certain members of the Cuourbitaecm 
that are grown as \egetables and that were rotting in con- 
siderable numbers. Strains were isolated from Luff a acut- 
iinonla , L u fj a wayptiacu. T vkhosnnthes anuuina and 
Lwamria rnlmvis and their morphology studied. 

(4) Rahar. The wilt caused by Fusarhun udnm on 
'pigeon pea ('ajmntx Indicns) was most severe this season. 
In the permanent manurial series of experiments at Pusa 
the number of wilted plants has been recorded in throe sea- 
sons in each of the two series in alternate years. The 
numbers recorded in plots that are comparable are as 
follows : — 
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Plot I received no manure. 

Plot XIII received iii) manure. 

Plot X 1 \ received i;o a shallow v- < tod h-gnme 

grown in the rotation. 

Plot VI received sulphate ot ammonia to supplv 20 In. 
nitrogen per acre- 

Plot VII receded sulphate ot‘ potash to supply potash 
as in plot III. 

Plot II received farmyard manure to supplv 10 IK 
nitrogen per acre. 

Plot III received farmyard manure to supply 20 lb. 
nitrogen per acre. 

Plot IV received farmyard manure to supply 30 lb. 
nitrogen per acre. 

Plot VIII received superphosphate to supply P.,0, as 
in plot III. 

Plot IX received sulphate of potash to supply potash 
as in plot 1 1 \ and superphosphate to supply P,0. as in plot 

III. 

r received sulphate of ammonia to supply nitro- 
gen ns in plot III. 

Plot X sulphate of potash to supply potash as in 
plot III and superphosphate to supply 
l\0„ as in plot III. 
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Plot XV received green manure. 

Plot XVI received green manure and superphosphate 
to supply P,0, as in plot III. 

The average of the super plots is — 

4 7 o 4 in A Series } times the average of the 
6 4 4 in R Series \ no phosphate plots. 

The average of the cattle manure plots is— 

2 2i 2 in A Series \ times the average of the 

1 1 2 in B Series \ no phosphate plots. 

The average of the green manure plot is — 

0 36 0 23 0-1 5 ) of the average of the 

0 32 o 64 0 23 ) no phosphate plots. 

It appears that those plots that receive superphosphate 

earn- an increased number of wilted plants that is signifi- 
cant, and that the green manure plot has so small a number 
as to be significant. The cattle manure plots receive small 
hut increasing doses from plot to plot and t lie numlx'r of 
wilted plants is highest in the pint that gets the largest 
dose, yet the numbers are not so different as to appear to 
have definite significance beyond indicating a possible 
tendency that could he tested by plots that received larger 
quantities of cattle manure. The fact that in the green 
manure plot to which superphosphate had been added the 
numbers of wilted plants are very slightly higher than in 
the plots that get m> phosphate seems indicate that the 
superphosphate neutralizes tie* depressing effect of the 
green manure <>n the incidence of the disease. K\perb 
merits are in progres- to elucidate the effect of phosphate 
<>n the plant and on the fungus ;md tie* effect of mineral 
phosphate as compared with. phosphate in adulation with 
organic matter in cattle and green manures. Thi- sub- 
v*. r is nf impnit.il*.>- i n ; ! “ m i ; < 1 1 manor- :o d 

stipend), ophate has a great effect in increasing the yield m 
other crops m the alluvium arid m one of the ciop- 

v the imuu! rotation. 



INSTITUTE, VISA, FOR 1922-23 


IV. Systematic Work. 

Six hundred and eighty-eight specimens from within 
and outside India were added to the herbarium and 162 
specimens were sent to mycologists in various parts of the 
world. One hundred and thirty-eight specimens of fungi 
f»n various plants were prepared and sent to the Imperial 
Bureau of Mycology. Loudon, for final identification. V 
supplementary list of specimen- added to the herbarium 
from May 1921 to Peromher 1922 was issued in typewritten 
form. 

V. Proorvmm': or work for 1923-24. 

(1) Rr.<t mrh ir >rl\ New disease- of Indian crops that 
come to the not nr of tin* Section will be investigated. The 
following crops and di-enr-es will receive special attem 
t ion : — 

(//) Diseases of cereals. 

(h) Diseases of sugarcane. 

(c) Diseases of jute. 

(</) Disuses of rah 'ir. 

(r) Disease.- of gram 

(g. St/s f * iftt'r This will be tarried au in > 

junction with the Imperial Bureau of Mycology in London. 
Steps will l>e taken to print supplements to the list of speci- 
mens in the Busa herbarium tor the assistance of the pro- 
vincial sections of mycology. 

(3) Tnrininti. Students and assistants will receive 
training on the line- indicated in the prospectus. 

(4) Roifthr trark. Advice and assistance as required 
will be given to other departments and the general public: 


IMlw, W. 


VI. Prnuevnox-. 

jj.-.T.nrr ici Mwoloev. 1921-22. for the Board 
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Mitra, M. . . . Helminthosporium on Cereals and Sugar- 

cane, Pt. I {Helminthosporium, Diseases 
of Maize ami Jowar ). Mem, Dept, of 
A;jri. in Indio , Bot. Ser. f Vol. XI, 
Xo. 10. 

McRae, W. . . I. — History of the Operations against Bud- 

rot ot Palms in Southern India. II.-r- 
Inoi'ulation Experiments with Phytoph- 
ilium palm i rota Hull, on Borassus 
Hah* 'liter Linn, and nneifera 

Linn. Mem. Dept, uf Ayri. in India, Bot. 
V/\ . Vol. \I1. No. -J In fltt 
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REPORT OF THK IMFLIMAL ENTOMOLOGIST. 
(T. Bainhrji:i;k Fuarm-ai. ILX.. F.L S F.E.S., F.Z S.) 
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during hi< \ .-i--.it ;• a m dap !♦• Su Uoniher. The Veterin- 
ary students loan Mnkte>ar. who attended t ] io Fun . tuo- 
T i ea 1 Meeliny in 1 eL i u;» rv. weie -icon a short ceur-e of 
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.. o 
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III. Insect Pests. 

Work on Borers in sugarcane and other gramineous 
plants was continued. Countings of dead-hearts caused 
by different species of larva? were made and search foi 
alternative food plants of the borers in the wild varieties 
of sugarcane and grasses was continued. No further 
novelties, however, were met with. This seems to indicate 
that our past investigation of the species occurring around 
Pusa has been fairly thorough. Much more work, how- 
ever. remains to he done in checking details of life-historic** 
and investigation of control, both natural and artificial. 

As in previous \ears. observations and records wen 
continued of the pests occurring on farm and vegetable 
crops at Pusa. Not?* were also continued on pests o* 
garden flowers The following pests were especially note ■ 
during the year : — 

Di‘icri*i‘t nbliqua on jute: this was very troublesome 
during the Rains and was kept in check by hand 
picking and removal of alternative food plant- 
(mostly weeds). It also occurred on swede- 
ml {poJv'hof 1‘ihhih). radish, sunflower, etc. 

ProtJfijii't l (turn on castor, jute, lucerne and violets. 

Termites on sugaiv.me and in buildings. 

Monophlebus contrahens on peach, plum and mango 
This Coc:id. which used to be abundant, ka^ 
been greatly reduced in numbers during the last 
four years nr so. hut is now gradually increa^ 
ing ana in 

Scirpojth’t'frt -ftrrthotjnrtreliti (aurif.ua) in sugarcane 

ft,.,! spider lT‘‘frabuchi< blooibitu*) on jute, castor 
n nd IfibU r u s <rh‘‘l tno.^h a 

ppJa nt h-it'l'f.ttt or: velvet bean and arid (Pha.<eolv 

tiffJi'i* uft) 

(j; n *ro !.?. > iy-!*mti and velvet bean 
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Ihe study of i mil Pests was continued, special atten- 
tion being given to the pests of mango, guava, peach, plum, 
litchi, grape, and Citnis. The life-history of Eupkalerus 
' ''itri, together with its parasites, was worked out. Indige- 
nous varieties ot grape-vine were found heavily infested 
with Pkentirocr/ts sp. and this is still under observation. 
Investigation oi fruit Pests, especially Aspidiotus 'perni- 
cionu#, in Kashmir was taken up towards the close of the 
year and is still in progress. 

The .Sectional cotton plants, sown in 1921. were in the 
ground throughout 1922 and weie uprooted in June 1923. 
Observation and record of the insects found on the plants 
were kept, special attention being paid to Oxycarenus 
whose life-hi>torv was worked out and repeated twice 
during the year with special reference to its connection 
with boll-fall. In some varieties of cotton and at particular 
seasons the boll -shedding is especially pronounced and as 
such has a considerable bearing on the ultimate outturn of 
the crop. It has been suggested in Madras that the abnor- 
mal shedding of bolls is connected with the presence of 
Capsid (Mind) bugs spp. ) on the plants. In this 

connection intensive observation wa.s made of a few selected 
cotton plants of different varieties to note the presence of 
any sucking insects which could directly or indirectly affect 
the boll-fall. So far, we have not been able to connect the 
boll-fall with the abnormal presence of any Capsid hug on 
the plants, hut the presence of large numbers of nymphs of 
O rycarenitt hrtits and Dysdercvs ring u hit us seems to 
increase the boll-fall considerably. But what is the actual 
effect of the presence of these bugs on the plant and what is 
their share in boll-shedding, or what proportion of this is 
due to purelv physiological causes, are points which require 
further investigation. 

The following are some of the more interesting insects 
sent in by correspondents during the year : — 

(1) .TJherasth nrculata . Meyr., reared from cater- 
pillars on Para rubber trees in South India. 
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(2) Mimela pusserinii , Hope, and /1 710 m aia fttiiipes, 

Arrow, the beetles eating leaves of cherry near 
Simla. 

(3) Hierogb/phus banian , Fb., damaging sugarcane in 

Chainparan District. 

(4) Hellula vndalis, Fb., damaging cauliflower seed- 

lings at Peshawar. 

(5) Jassid hugs on cotton at Kamrup. Assam. 

(6) Fruit Flies from the North-West Frontier Pro- 

vince. 

(7) Rabija f run tali>\ Walk., (Noctuidm) bred from 

cotton-bolls in Madras. 

(S’) II uyloc( rambyx spin icon, !.< and two undeseribed 
longicoin bet tie- of the genus Praoiotha found 
around Para rubber trees in Mergui, Burma 
(9) Phn'auP t n< nhmus in Odin a. n'odicr woo 1 at Gazi 
pur. . 

(10 * Gall- on Fat of unidentified jungle plant in the 
Ludmi Hilts. 

(11 ) An mt is larva* damaging vegetable plot - at Bettiab 
(12j Ro-e-stems a fleeted with Aspidiotns urir^tah- 
and f 'hnj.'Oiitph’iJu* aa ; mtii in ( 'hainparan. 

(13) Ground Tint and coco nut cake infe-ted with /, /A 

uth-rtita ttstffcrinu and a few Tribolium tl\0; 
Frnakulam. 

(14) fb U'hns a fp ni' in dried peas and B. -ozo/A i;. 

dried gnm at Kasauli. 

(1.1) S\p f d-!s lnjpocrit 1 . in all stages, boring dead wood 
of Para nibbpr trees in Mergui. * 

(1(5) ] n do do la th (fir or 'i on tea -bushes in Pinmid. 

(17) Cirphi< nhipunrto caterpillars damaging wheat in 
Balm hid , hi 

Be-ifles the above, rnanv other consignments of insects 
weie received from correspondents and necessary identit; 
cation- and advice were given as far as possible. In adds 
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tiun to the foregoing, the usual rearing work was carried 
out in the Insectary. Due to pressure of other work, many 
of the insects so reared remain unnamed, but amongst 
identified species may he noted .1 pomecyua hist no larva: in 
old dried stem of Ureyea coin bills, A die rout ia laches is 
larva,* on l eeomn (jrnndt flora and larva* of A. styx on Yitex 
neaanda leaves, Calundro stinmnticoUis larvae boring semi- 
decomposed leaf -base of IIomsm/.-* ftahelUfer. Xorrac-- 
lonyl [tennis ((.Vrurida .0 larva* on bamboo leaves. Araina 
crib nii in larva* on T eft rosin purpurea leaves, and 
pusi/sr • ntaos' lh's bleeding in the refuse in the crown of 
a date palm. 

Pathological Entomology. Work under this heading 
(apart from (lie sy.-lcmatn side, dealt with under Irmeet 
.Survey; has I >0**11 continued mainly with reference u. 
Veterinary Entomology, With regard to this there seem? 
to be need of a publication dealing with the insect pesN 0: 
domestic animals in India, for the use ot \etorinary 
( Miners and (Alleges. and considerable progress has been 
made in the pi opa ration of a book on these lines by the 
Imperial .Entomologi-i in collaboration with his Assistant. 
Mr. S. K. Sen. Of this proposed text-book a considerable 
proport ion of the text lias been written and a large number 
of illustration- prewired, and it is hoped that it wiil be 
completed during t ne ensuing year. This has necessitated 
the revision ot a la rue amount ot pievioiis worm botn pub- 
lished and unpublished. the collect a u oi a large amount ot 
neu material and the in\eM igatioii ot iuimeroii" li.e-ius- 
tories of € cattle tlie>. etc . all of which represents work 
which would isovmallv he included in the Annual Repel t. 
hut. ac it is proposed to publish these results separately, 
it hardly seems necessary to discuss them here in detail 

Mr. I\ V. Isaac. Second Entomologist ^ldpterist). has 
been employed almost e\clusi\ely on lahanuhe. the Indian 
species of wliii Ii ha\e hitlterto recei\ed much less attention 
than is warranted hv their impel tame as pcs f s ot animals. 
Very little, in paiticular. is on record regarding their lit e- 
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histories and habits, and these have been under investi- 
gation as regards the species commonly found at Pusa. 
The life-history of Tabanus albimedius , Wlk., has been 
completely worked out. One most interesting observation 
is that the larva of this Tabanid has seven instars; hitherto, 
no definite observation of the number of moults in Tabanid 
larvae appears to have been published except for an obvious- 
ly incorrect statement by Mitzmain that the larva of 
T . striatus, Fb., in the Philippines moults three times. 
The head and inouth-parts of Tb albimedius larva have been 
studied and these larvae, as well as other Tabanid larvae 
examined, although mandibulate, seem to suck their prey. 
The life-histories of other Tabanida 4 have also teen parti- 
ally studied, the species receiving attention being T. stria - 
tus, Fb., T. bicallosus, Ric,, T . nemocallosus , Ric,, I. virgo , 
Wied., T. crassus, Wlk.. Cast wide? ater , Saund., and 
Hcematopota jar arm, Wied. Many facts regarding the 
habits of adult Tabanids have also been recorded. 

The local mosquitos found at Pusa have also been 
under observation. The species found breeding in bamboo 
traps were as usual Aedes (Stegomyia) albopictus , A (S.) 
tkomsoni , A. (S.) W-alba, A. ( Finlaya ) lophoventralis , 
Armigeres obturban ? , Culex fatigan $ and C . brecipalpis . 
The mosquitos breeding freely in the river were Anopheles 
fuliginoms, A. culicifacies and Culex bitceniorfnjnchus , 
which begin breeding about the end of December, when the 
algae serving as their larval food begin to appear, and con- 
tinue breeding until the commencement of the rainy season. 
Vranotcenia campestris, Leic., a rather rare mosquito at 
Pusa, was found breeding in October in a tank near the 
cemetery. 

A Hippoboscid fly, new to us and perhaps a species ot 
Omithomyia , was collected in some numbers, both adults 
and puparia, in nests of the Indian Sand-Martin ( Ripavia 
hrericaudata) made in holes in the river-bank. 

Lame of Gastroxides ater , Saund., (Tabanidae) were 
collected from tree-holes between November and January, 
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the first adult emerging on 21st June and other flies appear- 
ing after a few days. 

further search has been made for the early stages of 
Bengaliu (Ochromyia) but hitherto without success. The 
larvae must be both comparatively large and of common 
occurrence and almost certainly occur in the ground 
“ within six teet ot one's nose,’* possibly as parasites of 
earthworms or sucking the blood of toads hibernating in 
the soil, and further endeavours will be made to solve the 
problem of their biology.* 

Specimens of 0 onoce phnlum hoffmannseggi , Stev., were 
received from the Chemical Examiner, United Provinces, 
with inquiry regarding its poisonous properties. In this 
connection also we received from the Assistant Surgeon, 
Provincial Laboratory. Assam, some specimens of the 
Meloid Beetle, Epicnutn hirticornu, with the report that 
a small boy had died twelve hours after eating four of these 
beetles roasted. 

We are indebted to Dr. D. F. Michael, of the Pusa 
Hospital, for further material and notes of cases of human 
myiasis caused by the larvae of the Museid Fly. Chrysomyia 
bezzinna, A i 11. As noted in last year's Report, this fly 
appears to be an important cause of human myiasis in 
North Bihar. It is, of course, also a common cause of 
myiasis in domestic animals. Although the larvae are 
found not uncommonly, the adult fly is rarely seen on the 
wing under natural conditions; one fly was taken flying 
around a pony and apparently attacking it but examin- 
ation failed to reveal either eggs or larva?. 

In April the Imperial Entomologist commenced at 
Muktesar, in collaboration with the Imperial Bacteriologist, 
a series of experiments on the cyclical transmission of the 
rinderpest organism, and these have been continued by 
Mr. S. K. Sen on the departure of the Imperial Entomo- 
logist to Kashmir to investigate Fruit Pests. As these 
experiments were still in progress at the end of the year 
and have been done in connection with unpublished work 
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by the Imperial Bacteriologist on the rinderpest organism, 
any account of them must be deferred for the present. 

In February the Imperial Entomologist attended the 
Second Veterinary Conference at which were discussed 
several subjects concerned with insect pests of domestic 
animals and insect-borne diseases. It was recommended 
by the Conference that, on account of the great importance 
of insects in the transmission of animal diseases and as 
causes of direct injury to live-stock in India, the staff of the 
Imperial Entomologist should be% lengthened to the degree 
requisite for rendering assistance to investigators engaged 
in the study of animal diseases. 


IV. Bees and Lac. 

Bees. Four colonies of A/)i< hnlioi were hived. 
Advice and suggestions regarding Apiculture were given 
to numerous inquirers in different parts of India. 1 he 
subject of Apiculture in India requires the services of a. 
whole-time expert in this line if work is to he taken up 
seriously. That there is a large demand in India for 
honey is certain and it is no less certain that the demand 
could he met if bee-keeping on modern lines were taken up 

Lac. The emergence of larva* took place at Pusa on 
lbth October 11)22 and 20th dune 11)20. The October crop 
was heavilv parasitized by a Chnleidid. which was studied. 
Ber brood-lac was supplied in small quantity (all that 
could l)e spared) to the Madras forest l ollcge and the 
Ti ban Institute of Science, Bangalore. 

Kai Bahadur V. S Misra visited the Central Provinces 
in order to studv the damage done to the lac crop by the 
Xoctuid moth. EuhltwM'i nmnhilis. An examination ot 
the crop in the Raipur and Iloshangabad Divisions showeo 
that the damage done bv this moth was very severe, in some 
places experimental cultivations being completely wiped 
out at a time when the crop had been growing vigorously 
on the trees. A paper on bluhb- w yi\*i ffwtbilis was com- 
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munidtted to the l ittli Entomological Meeting and appears 
in the Report of the Meeting. 

Bulletin Xo. 2-, on Lac culture in the Plains of India, 
having been out ot print tor some time, was entirely re- 
written and the revised edition published as Bulletin 142. 

Three students were trained in Lac-culture during the 
summer session in June, two of these being deputed from 
Bhopal for the lac course and tin* third being a student 
from Ceylon under general 1 1 a i 1 1 i u *_ l t in Agricultural 
Entomology. 

V. Illustrations. 

The artist staff was largelv ernploved during the year 
on the preparation of illustrations for the proposed L:>ok on 
Veterinary Entomology and on routine work i:. count 
witli the investigation of life-lii-toi ie-. eti. 

VL In>kct SrnvKv. 

Steady pn»^iv« ha< been made in addition.- to. an’ 
atiangemont and identification of. ti:e x-*- *1 L*c t *!: < r irsem 
specimens, whir!;, as it expand-. luv-me- mm.-tantlv mom 
valuable for present and nitme wmk. am! which m 
increasingly taken advantage of bv the Po vim ial St;V- 
and oiher voikemnu Indian Kntomdi-gv >o\ tar idenu: - 
cation of their material 

The coiled ions are in good m dor Ian an unduly h mu 
proportion is -till contained in st- re-boxes whun h.iv. 
proved \ oi y tiimat i>i'actory for the proper pro-orvatiou * 
insect specimen- in a climate such as than Pusa. .\ 
small number ot' cabinets is being obtained but at the pre- 
sent rate of progte-< it will be many years bet ore all our 
valuable, and in mauv ca-os irreplaceable, material is place ; 
in secure storage. 

A number of collections have been sent can during tim 
year to various specialists for examination and identiuca 
tion and our thanks are due to all who have assisted us iu 
this way. 
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Several lots of Odonata have been sent to Major F. C. 
Fraser, who has returned them named and has described 
the novelties either in our Memoirs or in the Journal of 
Bombay Natural History Society. 

The Dermaptera are still with Mr. Morgan Hebard, to 
whom a further supplementary collection was forwarded 
during the year, and who has recently published a report 
on our collection, including the descriptions of ten new 
species, in No. 11 of Yol. YI I of our Memoir*. 

Of the Orthoptera, several tots of Acrididae have been 
sent to Mr. B. P. U varov, who has returned part after 
naming and reported on the Rice grasshoppers of the genus 
Hieroglyphus in a paper published in the Bulletin of Ento- 
mological Research , Yol. XIII, pp. 225-241. More mate- 
rial will be sent to Mr. U varov, who is now engaged in a 
revision of the Indian short-horned grasshoppers, in which 
connection he contributed a paper to the Fifth Entomo- 
logical Meeting. The collection of Aerydida? is still with 
Mr Hebard. to whom a few recent accessions have also been 
forwarded. 

Our collection of Blattoida and Mantoida are also with 
Mr. Hebard. to whom recent accessions were sent during 
the year. 

The Anoplura have received special attention during 
ihe year in connection with the study of the lice found on 
domestic animals. The previous small collection has been 
brought together and gone over and a large amount of new 
material has been got together and incorporated. We are 
indebted to Mr. C M. Inglis for several lots of Mallophaga 
from identified birds and to the Government Entomologist, 
Madras, for Siphuneulata from domestic animals. 

Amongst the Homoptera, special efforts have been made 
to procure further material in Derbidae, Jassidfie, Aleyro- 
didse and Coccidac. Specimens of the castor Aleyrodid 
wore sent to Dr. Quaintance for examination. 

Of the Hemiptera, our collection of Miridae (Capsidse), 
which was sent to Mr. E. Ballard for study, has been 
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returned by him partly named and he has also forwarded, 
for publication in our Memoirs, descriptions of novelties 
in this group. 

in Coleoptera, the Hvdiophilida,* have been returned 
named by Monsieur A. d'Orehymont. who has described the 
collection in No. 1. Yol. YUC uf our Memoirs. A further 
collection of Ourculinidm was sent to Dr. 0. A. K. 
M arshall. who lias returned it in part. The Erotylidse. 
Endonmhbhe and some Rutelida- have been sent to Mr. 
Arrow. The Ohrysomelina*. Ilalticina* and Galeruciwx* 
are being sent to Mr. Manlik in connection with his f re- 
paration of a F<ut;ut volume on these groups. Practicallv 
all ciur Meloidte are with Mr. K. 0. Plair. also in view o: 
the preparation ni‘ a l an volume. A further lot oi 
Ca rabid, -e ha-, i m-oii received ba*'*k from Mr. II. 1. Andrewe-. 
to whom our material in thm group i- -ent a- it accumu- 
lates. Dr. M. Cameron has also returned some more 
Staphvlinida*. 

Of t!ie Xeuroptera. a further -mall supj iemmiru] ; o - . - 
lection ha- hem forwarded to Mr. lAbem 1 ' n. w|- m 

at present engaged in working out our materia! in nr st 
the families of this Order. Our small colloetwn o: 
Coniopterygidm has been sent to Mr Withwombe. anu 
living material of (,‘mrr fill pen jd< has also been -out to him 
and to Dr. Tillvard. hut imfortunarelv did net survive the 
journey. 

In lf\ unenoptera. some of our Annie are -till with V v - 
fessor Cockerell. the Eiuvrtida- haw been sen* t* * >em’’ 
Garcia Mercet, who has mule: taken their examination, an ; 
specimens of a specie- of Phrovv, pura-itm on oggmns-e- 
of Tohnnos if/fo m , have been -m-t to Mr. We torsion 
for idmUifieat hau Mr. C. E Putt ha- wmbAo ; an a-mo- 
tated list of the T« lineum-mida' in our » Ah\:;or **/"•■ - - 

Voi. Yrrr Xo. •?>. 

Tn l.ejddoptera. all unnamed or donb* Xd Evwmidn 
and Hesperia dm have been -ent to Mr. Eilov :'m emw iraimm 
during preparation of /Aon?.' volume- on tae-e gvupw ,v 
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Butterflies. A large number of Geometridae havp been 
Identified and returned by Mr. L. B. Prout, and Miss Front 
has kindly undertaken the examination of our undetermined 
Noctuidau which will be forwarded in due course. A 
named duplicate collection comprising 200 species of Indian 
Microlepidoptera was sent to the United States National 
Museum for study by Mr. A. Busck. Many descriptions of 
novelties from our collection have been published in 
“ Exotic Microlepidoptera ” by Mr. E. Meyrick, to whom 
further recent accessions remain to be forwarded. 

In Diptera. several lots <d‘ Muscidse have been sent to 
Major W. S. Patton, who has returned them in part. The 
test'fcea' and Sarcophagidm have been sent to 
Mr. Ih Senior-White, who has returned them named and 
is publishing his results, concerning the former group in 
- ur Memoir* (Yol. VIII. No. 4) and concerning the latter 
in the Record* of thn Indian Muwum. The collection of 
Culieida? ha- received special attention in view of Mr. 
Edward-' recent revision of the Indian genera and species 
and in preparation for a Fauna volume on the mosquitos 
I India. A small lot of unnamed or doubtful Culicime 
was -ent t-» Mr. Edwards and lias been returned by him. 
We have also exchanged duplicate specimens with Kasauli. 
The collection of Culicidm is now contained in two cabinets 
'Mill i- fairly representative of the Indian fauna. The 
large mixed collection of Tabanidre has been gone over and 
determined a< far as [>ossible and arranged properly in 
( abinets. Many species, which are doubtful or apparently 
..ew. are being sent to Major E. E. Austen for identifica- 
:ion and rescript ion. In view of the possibility that some 
Purus (Vv/.. T. striata.*) may really include several species, 
actually distinct, but externally identical, studies have 
M*en made of the genitalia of both sexes of certain Tabanidse 
w.mul at Pnsa; this mechanism is very complex, especially 
in the male sex. and the recognition of the different struc- 
tures and the determination of their functions and homo- 
! Liles require further work. The stem-boring Antho- 
myiads of the genus Atheriaona are still with Rao Sahib 
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\ Ramachandra Rao, who communicated a paper on these 
flies to the Fifth Entomological Meeting 

Numerous collections of Indian Insects have been 
received during the year and named as far as possible. 
1 he>e included collections sent Ijv the Forest Research 
Institute, the Provincial Departments of Agriculture (in- 
cluding Indian States), the Bombay Natural History 
S* K'-iety. and by many correspondent'. 

\I1. ('atamiuuk of Indian In^hm's. 

Due to pressure of other work, less progress can be 
reported in this line than was anticipated. The second 
and third parts of the Catalogue, on Culieida? and Bomby- 
liiL'e respectively, both hy Mr. R Senior-White, have been 
published during the year. The card Catalogue of Orthop- 
tera. Nenroptera (>(//.<// tiutupn>) and Microlepidoptera 
’;ave been kept up-to-date and parts of the Catalogue oil 
these groups can be issuer! when the material, now sent out 
for identilication, lias been reported on. (’arc] Catalogues 
of the Apterygota. Thvsanoptora. Strepsiptcra. and Psvi- 
-•‘•he have been prepared and a gcod deal of material has 
-cen got together in Hymenoptera athl Coleoptera. The 
volumes on Rhyneliota have been kept up-to-date. 
A certain amount of work has a bo been done on the revision 
of Macrolei»idi>r*tera. 

Mr. R. Senio«r-\\ bite lias kept up-to-date the card cata- 
login' of | )jptera. 

Dr. (\ Boes-m re) orm. regarding Coleopteta. that the 
ratalogue *u Sta jdivlinida* n o* boon m-mpAied by Cameron: 
of Brenthida\ by Kleine. is completed but } ending inclusion 
ot recent work: of I’arabida*. by Andsewes. is in manu- 
script but in alphabetical arrangement pending classified 
arrangement awaiting appearance of another paper: of 
Bostrychhhe. by Beeson, completed, but pending receipt of 
recent identifications by Leslie; of SeolytidiV and Platy- 
podida*. by Beeson, completed. but pending further informa- 
tion; and of Nitidulida: by Chatterjee. in manuscript. 
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I have been unable to obtain any information from 
Mr. Andrewes regarding the preparation of the parts on 
Rhynchota which he has undertaken. 


VIII. Fifth Entomological Meeting. 

The Fifth Entomological Meeting was held at Pusa 
from 5th to 10th February 1923 and was attended by forty- 
five members and visitors, whilst thirteen others, who could 
not attend, took part by the contribution of papers. Sixty- 
one napers. read at the Meeting, were submitted for publi- 
cation and are included in the Report which is now in the 
press. A short account of the Meeting was also contri- 
buted to the Agricultural Journal of India (May, 1923 k 


IX. Programme of work for 1923-24. 

Major. 

This will follow generally on the lines of work of the 
current year and will include general investigations of 
crop-pests and especially of the pests of sugarcane, rice and 
cotton, of fruit-trees and stored grain, and also work on 
insect pests of domestic animals. 

Minor. 

Results in various lines require to be written up and 
published as far as possible, in particular, it is hoped to 
complete and issue a book on Veterinary Entomology in 
India. Work and experiments in Inc culture will bp cmi 
tinned and new insecticides and insecticidal methods te-ted 
as occasion arises. Systematic work will lie carrier! out 
with our resources and the help of specialist correspondents. 
The Catalogue of Indian Insects will be proceeded with. 
Advice and assistance will be given as far as possible to 
Provincial Departments and to all inquirer- on entomo- 
logical subjects. 
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X. PUBLICATIONS. 

The following publications, either prepared by the Pusa 
Staff or founded in whole or in part on material sent from 
Pusa, have actually been issued during the year ended 30th 
June 1923 : — 


A rid r ewes, H. L 

'■ ■ Xtites ou Oriental Carabid® IIL (Ent. Mo. 

May., LVIII, 174-179; August 1922.) 
Notes on Oriental Carahidae IV. (t.c. f 
238-240 ; October 1922.) 

Cockerell, T. D. 

A. . Descriptions and Records of Bees, XCYII. 
M«/i. May. Sat. Hist. <9i XI, 2G3-2G9; 
February 1923.) 

Putt, G. R. 

. An annotated list uf Iclmeuinonidae in the 
Pusa collectiirii. (2nd. Agri. Ent. Mem., 
VI IT. No. 2; April 1923 A 

1 letclier, T. 

Bain- Agricultural Entomology. (Ann. Rep. Bd. 

brigge. 

Sri. A dr. India. 1021-22.) 

M 

New names for old. ( Entom LY. 231; 
October 1922.) 

ft 

Li't of Publications on Indian Entomology’, 
1920-1921. [Pusa Bulletin So. ISO; 
December 1922.) 

• I 

Fraser, F. C. 

The Fifth Entomological Meeting. ( Agrie. 
Jour. Itul. ; Mav 1923. 

. . A second note on Odonata in t lie Pusa Col- 

lection. 2nd. Agri. Ent. Mem.. VIII. 
No. 3; April 1923.1 

Morgan 

. Studies m Indian Dor inapt era. [2nd. Agri . 
Ent. Mem.. VII. No. 11 : February 1923.) 

Moyrick, E. 

. . E.mtie Mieroh puloptera, Parts 17-19. 

Mi«ra. C. S. 

. Tin* Cultivation of Lac in the Plains of 
India. [Rasa Bulletin So. 242: Afar 
1923.} 

<]*Ok liymont, A, 

. Hydiopiiilida 1 of India. 1 2nd. .L/ri. Ent. 
Mi VI IT. No. 1; April 1923.) 

Trout, L. B. 

, . New species and forms of (7 comet ri da 1 . 

; Ann. Mag. Sat. Hist. (97 XI, 805-322: 
March 1923.) 

V varov, B. P. 

. Hire (trass-hoppers of ihe genus 22ieroghj- 
phus and their nearest allies. (Bull. 
Ent. Res.. Xlir, 225-241, 3 tigs: August 
1922.) 
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REPORT OF THE IMPERIAL AGRICULTURIST. 

(Wynne Sayer, B.A.) 

I. Administration and Training. 

Charge. Mr. G. S. Henderson remained in charge 
of the farm from 1st July to 6th October, 1922, and from 
22nd October, 1922. to 2nd April 1923. He was on pri- 
vilege leave from 7th to 21st October and on leave on 
average pay for 7 months from 3rd April, 1923, when I 
took over from him in addition to my own duties. 

Khan Sahel) Mahamad Ikrammuddin, Assistant to the 
Imj)orial Agriculturist, acted for the Imperial Agricul- 
turist from 7th to 21st October, 1922. He was on privilege 
leave combined with furlough for six months from 15th 
March, 1923. He remained on duty for the rest of the 
period. 

Training. Messrs. Y. G. Krishna Rao and Bachina 
Ramaiyah. students deputed by Madras Government, com- 
pleted their one year course in general agriculture on 3 1st 
May, 1923. 

Mr. T V. Krishna Swain i Rao. a private student from 
Madras, was admitted to a two years' course in general 
agriculture on 31st July. 1922. 

II Pcs a Farm. 

The season June 1922 to May 1923 was distinguished 
by a rainfall of 65 78 inches as compared with 40 01 inches 
for the previous season. This was the highest rainfall for 
the last ten years and its effect on all agricultural opera- 
tion’- was very marked. 

The actual rainfall in June was 20 50 inches, and as 
this was heavy and almost continuous sowings were badly 
hindered. 67 acres of land beimr finally left unsown. The 
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germination of all crops sown was very bad; and 90 acres 
under maize, pulse and other khnrif crops was completely 
flooded. A total area of 157 acres was actually under 
water for about 50 days and the land finally cleared about 
8th October. This affected the yield of maize for corn and 
silage and made a 40 per cent, difference in the green fodder 
outturn* 

A fall of 2-53 inches was recorded in February 1923, 
which while benefitting all the other rahi crops c-aught 
rahar (Cajanus indices) in flower and considerably de- 
creased the ultimate yield of this crop. 

The rainfall figures are given below: — 



i: 0: U . hi . 

June 1922 . 

20 oO 

July 1922 • 

l>-22 

AujrU't 1922 

12-72 

!■<•: 1922 

*•22 

Ortoi.iT 1922 

1-20 

Xovrinif! 1922 


l)tM finht-r 1922 . 

ii- tii.; 

.I.mu.m |9‘2 : 

,,n - : 

Ffiiiuarv 1922 


Marrli 1922 . 

(1(H) 

April 1922 . 

ik;i) 


M:i v 1923 


10 :.! 


Total . 0-V7S 



78 SCI EXT J EIC REPORTS OF THE AGRICULTURAL RESEARCH 


Experimental work. 1 . The permanent rmjnurial 
and rotational experiments were continued as before. The 
results for the year under report are given below : — 


Table I. 

Results of permanent manurial plots for the year 1922-23. 





A Series 



B Serle 


riot 

Xo. 

Treatment 

Maize 

grain 

per 

acre 

lunar 

grain 

1 

Barley 

grain 

l«er 

acre 

Maize | 
•grain ; 
l**r | 
acre 

Oats 

grain 

per 

acre 




lb. 

lb. 

lb. 

lb. 

lb. 

lb. 

1 

Xo manure . 

422 

50) 


5*v. ; 

342 


2 

Farmyard manure to supply VI \b 
nitrogen per acre. 

G56 

Wft 


884 1 

i 

755 


3 

Farmyard manure to supply lb, 
nitrogen per acre. 

831 

842 


1,006 

))•: 


4 

F army an 1 manure to supply 30 lb. 
nitrogen per acre. 

831 

707 


9SW 

1,111*1 


5 

FUpe cake to supply 20 lb. nitrogen 
per acre. 

7“6 

40*) 


Tt HI 

307 


6 

Sulphate of ammonia to supply 20 
It*. nitrogen per acre. 

5 * 5 

<o-» 



30) 


7 

Sulphate of to supply K,0 

as in F.Y.M. Xu. :t. 

426 

318 


T8»»l 

413 


8 

i Superphosphate to supply T*0, 
in F.Y.M. Xo. 3. 

7‘'*) 

3»V 


*S2 

74:j 


9 

Sulphate of pot ,v*h to .apply K* 0 
| an*l superphosphate to supply | 
P,Oj a> in F.Y.M. Xo. 5. 

30) 

2 18 


470 ; 

! 7f«t 

l 


!•> 

Sulphate of ammonia to supply 
nitrogen and sulphate of 
to supply K*<) and «up*rph;>\- 
phate to s up pH* 1’, 0, a-' lo IV. 
M.Xo. 3. 

4)1 

"8 


703 

j 8*1 

i 


n 

Xo manure or |.'smminotn crop . 

32a 


270 

13) 

i 


12 

Green mannre in a cer**-)! rotation. 

:.r* 

2 

233 


* 712 

i 


n 

l>-*.p.?,v*ted lesmmjnoiis rp.p in a 
vernal rotation. 

+3:) 

»)2 


403 

4**»l 


u 

One deep, one * hallow* rooted 
legume in thp rotation. 

327 

343 


«V,J 

413 

02 

13 

1/gnmlnon* rrop and sreen manure 
In the rot at ‘on. 

1.224 

:5*l 



i 008 


u 

Grpen manure and superphosphate 
to supply i’|0|« in F.Y.M. No. 3. 

1,561 

1 431 



1.048 



2. The green-manuring experiments run in collaboration 
with the Imperial Agricultural Bacteriologist were conti- 
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nued. The treatment and the outturns are shown in the 
following statement. The results are dealt with by the 
Imperial Agricultural Bacteriologist in his report. 


Table II. 


Results of yrcen- manuring sene* for the year 1022-23. 


Plot No. 


Treatment 


Oat.' 2 raiu 

] >*T ar-re 

in lb. 


21 B 

Thrcf lime* mufi ln-inji fenm-nted without 
Sdun-liouijMU Kharif 1317. 

fcuperpho.'phate. 

1,32b 

22 H 

Thru* times sann-hemp f. riu- nted with 3 cwt. 
]»* t acre in Kharif 1317. 


1.S40 

23 b 

Nut iu txjurim' nt .... 


3*3 

24 B 

Coat ml ....... 


1,501 

25 B 

Saim-ht m]» ploughed in w ithuut superphosphate in Kharif 1317. 

1,137 

2»i B 

Sup»Tph<»phate alone at 3 cwt. jk racr<* withe 
U-foro oats suwini' m Habi 1317- 1>. 

<ul inn !;;.t 

i,:«x» 

27 H 

Control 


1,03s 

2 <s B 

Not in i'.\j**‘iim» nt 


2.123 

23 B 

Six titm«< sinu-L<mj> fermented without .-t 
Kharif 1317. 

1 ] 1-1 1 .h.Ur in 

1.470 

30 B 

Six nn-lu-mji b rnu nted witii 3 w ! , 

j"-r aero in Kharif 1317. 

■ *tv 

2.1>7 

31 B 

Conti t«l ....... 


1.733 

32 B 

S.inn hvmji j»l< m*;U< <1 in with 3 *wt. mij* ;ph 
in Kharif 1317. 

."ohati in r aero 

l.Totl 


, Saiuidit mp J’ii-ujht «1 m ill Kiurit 1321 




3. The experiments tor comparison ot‘ the economic 
value of the common leguminous crops, both for green 
fodder and grain, were carried out on a series of tairlv 
uniform ’-acre plots. The varieties and yields obtained 
are shown in the following statements. 




SO SCIENTIFIC UK PORTS OF THE AGRICULTURAL RESEARCH 


Table III. 

Comparative yield of Idiarif pulses on \-acre plots. 


I 

Variety 

1 

j Outturn of 
[ green fodder 
'per aere in lb. 

Outturn of 
grain per 
acre in lb. 

Guar (fyimo/WM jwoftiZouto) . . . . . ♦ j 

6,693-0 

1,141-5 

Velvet beans 

! 9,9*18-5 

1,431 0 

Sov beans ......... 

0,151-5 

1,701-0 

Math {PhtiHolus tKonitifotiiw) ..... 

10,532-5 

1,586-0 

Urid {PJawohw rndiatu#) 

10,205-5 

| 

343-0 

Cowpeas ......... 

S.S2S-5 

491 0 


Guar stands flooding better and is less liable to disease. 
Hence though a smaller vielder, it is extensively groxvn on 
the farm. 

Table IV. 

Comparative yield oj rabi pulses on ^ -acre plats. 

Variety 

! Outturn “f grain 


! per acr<- m In. 

Gram Fum 23 ......... , 


„ IMisa 25 

1.915 

„ Pusa 6 ......... 

1, lilt I 

„ ru«a 17 

1,854 

,, big Kabuli ......... 

1,572 

,, small Kabuli ......... 

95f» 

„ Pum. Local ......... 

IM'i 

,, Common v<Ilow of Gujarat ...... 

007 

„ f’awnpore Local ........ 

1,352 

Peas big whiff .......... 

930 

„ small (K*-rao) 

1,304 

Khe9aTi(fMkyrn4*ti(iKV«) . 

737 

Val {DoUtko* Lnhlnh) 

! 920 

Maaoor ('*culf*ta) , , , , . . . , j 

419) 
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These varietal tests are for testing out and comparing 
the pedigreed varieties which have been selected or evolved 
with those varieties being grown locally, and the results 
show that the pedigreed varieties can be depended upon to 
give a high yield. 

4. Mamtrial experiments with monoealcie phosphate 
and calcium sulphate in conjunction with green manure 
were carried out h r the Imperial Agricultural Chemist. 
The crop outturn and treatment are shown in Table V. 

Table V. 

I ' ; 

Normal Vi’ld 
outturn aft or 

Plot No. Ana m Tr-atim nt of oats treatment 

urr<> ;jr«uii in in lb. 

lb. ]*• r acr** p r acr* 


13 1) j 0 23 

19 n i * lv, 

i 


appli* <1 at the 1 .«* "4 
tiiii** «*f |d« miriiiriLT in ^um-h« ni]> at 
| 34 lb. ]>* r a< r<\ 

(’ah ium 'iil|ihat<‘ .»ppli ,, d .»l !h - tin;-' of 
j'lonjliin j at i‘»l ll». j ’ r .ut , \ 


1.94'i 


experiments with various chemicals to deal with 
crop diseases were continued top t he lime Expert and the 
Imperial Mycologist. 

t) Experiments were started with the Supernumerary 
Agricultural Chemist to te>t the ctnvt of \ a lying irriga- 
tions and application of nitrate ot’ soda on the yield and 
qualitv of wheat. 1 he results will he dealt with by that 
oil ice r. 

7. A large huuiIht of cereals have been received irom 
different parts of the world. They are at present in pro- 
cess of acclimatization. Some give promise of proving 
reallv \aluahle. such as New Zealand white oats, Scotch 
potato oats, Captain oats and Now Ascot white oats. 

General farming. The ma jor portion ot the total cul- 
tivated area of the farm is run as a fertility experiment on 
a large scale to provide data for practical farming. Com- 
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bined with tlws we have power cultivation, rotation work 
and intensive cattle feeding. It is worked under a 3-year 
6 -course fixed rotation as given below : — 


i 

1st Year 

1 2nd Year 

i 

I 

i 3rd Year 


Maize for silage 

1 Maize for corn 

Leguminous crops 

Mousoou (Kharif) crop . j 

j 

aud green fod- 
der manured 

with farmyard 
manure at 10 
tons per acre or 
j oil-cake. ; 

j with rafiar. Xo 
manure. 

| 

fur soiling. 

Winter (Rabi) crop 

i Oats. 

Rahir stands on . 

Oats after appli- 
cation of 1 md. 
superphosphate 
per acre. 


The figures of outturn of this experiment (area 413 
acres) for the last 1 1 years are shown in the following table. 


Table YL 

Yield from 13 fields at Pusa (413 acres) for 11 years. 



Year 



Oat* and 
other 
moab 

Mai re 

Pul-*i 

T*»tal iirain 

i i rev Q stuff 
i«>r fuller 
and s.llStt 





md-* 

nt'L. 

ml*. 

md*. 

ml*. 

1912*13 




2.21“ 

522 

-J4 

2,020 

10.3)1 

1913*1 4 




1,997 

2»<) 

1,Lm 

3.297 

ll.r.l:, 

191M5 




1.74 « 


70 4 

2.9-7 

11,127 

1013*10 



. 1 

2,009 

**4 

7ul 

4.254 

, Vl ;> 

1010-17 



! 

2-97 


932 j 

l 4 99 ' 

\ 31/471 

1017 -1 -i 




2,370 

1.270 | 

l,«!l<» 

4.002 

| 

1914-19 




3,2*»0 

■>•>* i 

L" ’*7 

4,9*2 


191 y- 20 




2.479 

i.o»)4 ; 

719 

4,202 

; 31,024 

102 »-21 




2. *’42 

700 : 

1/173 

4, .5*1 

33, 

1921-22 




2.791 

4.-07 

t .132 

0.1 Vs 

; :: 4,1*2 

1922-23 




3,7.92 

499 

911 

5.1*9 ; 

| 21/.21 


The drop in the yields of the year under report compared 
to previous years is due to the heavy rainfall which result- 
ed in an almost total failure of the kharif crop. The yield 
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of maize and w/rur was severely affected. Oats did well, 
the maximum outturn per acre being 23 -J- maunds over 20 
acres from Mysore field, as against 20 9 maunds in the 
Brickfield which was last year’s maximum. The average 
yield was 18 maunds over 210 acres as against 17 maunds 
per acre over 21s acres last year- The total production 
of the farm from the rotational and non-rotational area as 
compared with season 1921 22 is given below: — 

Table VII. 

Total farm produce during 1021-22 and 1922-23. 

Year Ora in Green fcddi-r Dry 



in< U?. 

m <!.•?. 


1921-22 . 


41,92") 

1 4,«*» 

1922-23 . 


S2,9o2 

12/k'n) 


The value of the total produce grown, calculated at 
current market rates, is about Rs. 56.000, including the 
value of 90 acres pulse crop grazed by the cattle on the land 
and 40 acres berseem (TrifoiiuM alexandrinum) grazed 
four times. 

The large and valuable herd maintained on the farm is 
practically completely supported by farm produce, the only 
thing bought in being oil-cake. A constant supply of green 
fodder has now been made available throughout the year, 
and though in the year under report this was short of 
normal hv 40 per cent., yet we have hoen aide to carry 
over 3,000 maunds of silage surplus to this year, this 
shows that the farm is now entirely self-supporting in this 
respect and the milch held can now he maintained at full 
strength on a green fodder ration throughout the year- -a 
great aihance in the question of milk production. 

Waste dhab land and berseem. in order to solve the 
problem of supplying green fodder tor the herd through- 
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out the wiiole year, the work of bringing waste dkab land 
under the plough was taken in hand in January 1920. At 
the close of the year under report 60 acres of this waste 
land which was very uneven has been cleared, levelled and 
completed for irrigation. All the levelling has been done 
by means of bullock drawn scrapers at minimum cost as 
this work was done when the farm cattle were standing 
oil* *\ Forty acres of this levelled land were sown under 
berseem in last cold weather. Sowing started in the middle 
of October and was finished by the 13th of November. The 
cattle in the breeding herd were put on the crop on 29th 
November and four grazings were taken from that date, 
about 200 head of cattle being on t lie berseem day and 
night. Grazing finally finished at the end of May. 2,000 
maunds of berseem was cut by hand for bullocks, and ten 
acres reserved having failed to set seed was finally grazed. 
The average daily milk yield of the milch herd, while this 
crop was being grazed, went up from 11 lb. to 13*6 lb. per 
cow. The outturn as estimated from the harvested plots 
came to 125 maunds per acre per cut. After the last graz- 
ing the land was sown in maize, which crop started sup- 
plying green fodder on 4th May and continued to supply 
a tout 150 maunds daily to 400 head. The crop outturn 
was about 300 maunds green fodder per acre, one silo pit 
of 3,500 maunds taking the surplus from this crop at break 
of monsoon. (Plate II.) 

The area under first year rotation is mainly taken up 
with maize and jo war (A udropomn Sorghum) grown for 
silage of which about 20,000 maunds is made every year. 
At first tower silos were used, but they proved thoroughly 
unsatisfactory, the waste due to the impossibility of con- 
solidating silage properly being as high as 40 per cent. 
For the last 5 years 6 pit silos (50’ x 10' x 8') have been in 
use, each holding about 3.500 maunds. The green stuff to 
be run through the silage cutter is weighed in and the silage 
weighed out when fed. Wastage has averaged 15 per cent. 
Maize has been found the most suitable crop for the silage 
and no difficulty is experienced in getting cattle to eat it. 
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III. Machinery. 

Steam ploughing tackle. All ploughing work and the 
subsequent heavier operations were done by the steam 
ploughing tackle. The set worked during the year for 112 
days of 10 actual working hours. The engines were, how- 
ever, used for threshing, pumping and silage cutting when 
there was no cultivation work- Working costs and the 
analysis tor different operations are shown in the following 
two comparative statements; but, as usual, until it is pos- 
sible to work the tackle full time, incidental and replace- 
ment expenses are bound to bulk high on the acreage done. 
A tackle set of this class should under optimum conditions 
be working every day when the land is not too wet. and this 
would result in a material reduction of overhead charges 
per acre worked per annum. 

Taw.r VIII. 

Showing cost of working the steam tackle for last fire seasons. 

I'artKUhr* 

>'•». ««f tt-lfc-.Y*. M rn.rk.Y-i. •i v». wik- \\<. i 

in,» <!.*>• l*r. n-J •: ty* VI* !:u> HI in.: <ay- Ill .Jay. 112 

tt*. JI-. R-. TV. R>. 

1/itx.uir .... Wl 1.2" 1.4>« 1.-43 l.-TS 

Fuel 1. 1 .**- * -.14-' 1 1.404 

oil 4-: 4i; 4^1 

Mi-.vliiTi.MMn rt.\, nnl 1-11 1,1/v 1.70* 17''. 2.117 

•i’ll- uni* 


T0T.iL . 4,13*1 4,052 5.042 5.060 5. '-62 



XI s™ v X 
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Cultivation by motor tractors. The following trac- 
tors were under test throughout the year : — 


Three Austins. 
One l : «>r dson. 
One Cletrae. 


Four-wheel type. 


Caterpillar tread. 


One Austin was a total wreck from the beginning of the 
year; the other two and the Fordson worked intermittently, 
being constantly laid up for repairs. In the case of the 
Austins the delay in getting spare parts was again most 
noticeable, and considerable delay was also experienced in 
this connection with the Fordson. The hopelessness of 
trying to popularize any tractor whose spare parts are only 
obtained with difficulty may possibly by this time have 
penetrated to the makers in England. I can only again 
affirm that this state of things will assuredly ultimately 
kill the motor tractor trade in India. As waiting for 6 
months for an essential part is neither business nor pleasure. 

The Cletrae whose cylinders are badly scored did not 
work at all during the year under report. The remarks 
of the Imperial Agriculturist in the report of 1919-20 
regarding agricultural machinery still hold good. Both 
Austin and Fordson types are too light and too low powered 
for deep ploughing. They are extremely useful for light 
and shallow cultivation with disc harrows or cultivators 
and cover large areas in a working day, and after inclement 
weather when a large area of land has to be dealt with for 
rabi sowing in the minimum time they are invaluable, but 
here again the question of spare parts appears and the 
liability to “ break-down " and subsequent “hold-ups” 
through failure to obtain essential parts rapidly takes away 
very considerably from the advantages enumerated above. 
The maintenance of a corn [dote supply of spare parts with 
the tractor is the only apparent solution, and this is a con- 
siderable expense to the owner ot a solitary tractor. 

Among other machinery, the International and Climax 
silage cutters were under trial and improvement was 
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brought to the notice of the makers. An all-steel thresher 
ami several types of ploughs and cultivators are being 
tested and improvements and alterations are under 
consideration. 


IV. Cattle. 

The herds during the year under report numbered as 
under : — 

Montgomery 181 

Cross-bred . . . . . . 121 


302 

The year was marked by a couple of outbreaks of 
foot-and-mouth in August 102*2 and March 1023. In the 
first attack both our Ayrshire hulls. T.essnessock Wildfire 
and Whitehill Topnotcher. went out, and in the second 
attack wo had a very high mortality among the pail -fed 
calves, losing about 10 in a short time. Although the milk 
production of the herd was not affected to anv great extent, 
due to there being a constant and sufficient supply of green 
food throughout the year, vet the effects of the two nut breaks 
are shown in the fact that a large percentage of the cows 
have reverted, and considerable delav is now experienced in 
getting the female stock to hold, this possible being due 
to weakness on either side, the latent effects of the out- 
breaks. 

Ninety-one head were inoculated bv the soium sinuil- 
taneotK method agaiiwt rinderpest in February, Mr. 
Bennett. Second Bacteriologist from Muktesar, officiating. 
The ins ulation was quite successful : onlv one virus pro- 
ducer being lost. The arrangements this year were very 
simple, and in place of the usual camp, all cattle wore 
p! wt-d in the Chnnman shed This resulted in the inn 
culation being conducted in a much cheaper wav and being 
quite as effective as in former years. 
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A double cross heifer (F, generation) No. 66 was tested 
back for immunity by inoculation with 15 c.c. of defibri- 
nated virulent blood subcutaneously. She was inoculated 
by the serum simultaneous method in December 1920, and 
the subsequent dose of virulent blood in February 1923 
produced no effect whatever, thus definitely proving the 
active immunity of cattle once inoculated by the serum 
simultaneous method. 

All our stock have been immunised by this method, and 
this result proves that the herd can fare all outbreaks of 
rinderpest in the district with equanimity. 

Half-bred cow Alibi No. 3 completed her fifth lactation 
with 1.200 gallons in 300 days. She has calved again on 
12th July. 1923. As she is now years old. this probably 
represents her best performance. 

We have now 4 ;j- Ayrshire, 4 Ayrshire and 4 double 
cfi tsses (F ). but none of these appear very promising s<> 
far. The HiVi-t of the heat is very notieeabh* in the case 

the majority of the J-bred. and it is evident that thi< 
will militate heavilv against them a< milk producers, and 
thev will »>nlv do reallv well at higher altitudes. 

The surplus milk of the herd is now being marketed in 
neighbouring stations where there is a great demand, and 
the real value of the herd i< being shown in the milk 
receipts in competition with the ordinary milk supplied in 
these stations at current rates. 

('attle to the value of !{>. 0,227 were sold during the 
year. 

Tables showing <1) the milk yield during the year. (2) 
concentrated food and fodder consumed. (3) milk disposed 
of. and (4) the number of cows in milk and dry during 
1922-23. arc iriven below and demonstrate the lino^ou which 
the herd is run. 
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Table X. 

Showing the milk yield during the year 1922-23. 





Total 

viKin 

Cross-br^p cows 

MdKTOOMRRY cows 

Month 


Xo of ; 
cows in ; 

milk 

Milk 
in II*. 

No. Of 

cow* in 
milk 

Milk 
in lb. 

No of 
cow* in 
milk 

Milk 
in lb. 

July 1022 . 



72 i 

29,271 

32 

17,417 

40 

11,851 

Ausru&t 



71 : 

27,337 

31 

15,469 

40 

11,898 

September . 



72 

21,485 

30 

12,301 

42 

11,184 

October 



70 ; 

23,994 

30 

12.646 

40 

11,348 

November 



71 

24,141 

27 

12.036 

44 

12,085 

December . 



72 

27,044 

27 

14nti2 

45 

11,042 

January 1923 



&2 

31,987 

32 

18,372 

>1 

n,6U 

February . 



90 

32,849 

37 

j 1^,439 

| 53 | 

14,410 

March . , 



87 i 

26,803 

:J6 

19,611 

; -'1 ! 

17,192 

April . 



S3 , 

33,986 

36 

j 17,388 

32 

18,598 

Miy . 



92 

32,268 

36 | 

15,741 

56 

16.547 

June . 



90 

27,711 J 

33 ! 

12 971 

55 i 
! 

14 740 




957 ' 

i 

3 >>,91 6 1 

389 

1,88.413 

588 i 

1.64 30,3 



MKI. 7 S I _0:*7 - I I t 1 I l‘JI-:t0-0 
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From Table XV the progress made by the herd can 
clearly be seen. The improvement in the Montgomery 
section is most clearly marked and the average yield of 
first calf heifers brought in is steadily rising. The cross- 
bred section remains steady. We started by producing 
three first class cows out of the first six bred, and this 
record is hard to live up to. Many of the young cows 
which at first did not do brilliantly are now improving 
and showing every sign of becoming 7.000 lb. cows. 

V. Programme of work for 1923-24. 

1. (a) Practical treatment of pedigree dairy herd o: 
Indian cattle and pedigree dairy herd of Montgomery - 
Ayrshire cattle. 

( b ) Continuance of experiments with regard to fixing 
a type of Montgomery-Ayrshire most suitable to Indian 
conditions. 

2. Practical treatment of a 1.200-aere mixed farm with 
particular attention to profitable modern machinery and the 
financial result of the work. 

The bulk of the produce of the Pusa Farm is used tor 
the maintenance of the dairy herd. The rotation adopted 
aims at the up-keep uf the fertility of the land along with 
supply of concentrated f<xxl and long fodder ami a constant 
supplv of green fodder throughout the year. Included 
in the above is the study on a practical scale ot : — 

(A Potations. 

(/;) Crops for fodder, seed and silage. 

(r) Implements and machinery. 

(d) Technique of cultural operations. 

3. Continuation of collection of data and results regard- 
ing the costs and capabilities of the steam -ploughing tackle 
on est a tes o f t h i s si / e . 

4. Experiments with various typos of motor tractors 
and ploughs for collection of data and working costs and 
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for determination of most suitable types of tractors 
and implements for India. Also collaboration with manu- 
facturers regarding the manufacturing and introduction 
of improvements in standard types to suit Indian 
conditions. 

5. Experimental work at Pirn. 

(n) Rotational experiments. 

(b) Trial of new varieties of crops especially legu- 
minous fodder crops and wheat varieties. 

(e) Manurial experiments, especially seasonal and 
quantitative tests with phosphates. 

(d) Seasonal tests with Java and Snmatrana indigo. 

(?) Trial of sugarcane varieties suitable for growth 
without irrigation, along with the Sugar 
Bureau. 

6. Demonstrations, exhibitions and sales of surplus 
dairy stock, etc., will be held from time to time as occasion 
offers. 

7. Tourina and adrisonj. Visits will lx> paid to pro- 
vincial agricultural centres. This should tend to 
co-ordination of agricultural work. 
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REPORT OF TIIE IMPERIAL DAIRY EXPERT. 


(W. Smith.) 

During the year under review, no facilities for the 
giving of dairy education or for practical experimental or 
research work were provided and the work done was conse- 
quently purely of an advisory character, and may be 
divided into four headings : (1) Work done for Local Gov- 
ernments, Indian States, municipalities, etc.; (2; Advice 
and assistance given to the general public in Lidia . f 3) 
Work done for persons nr Governments outside of India; 
and (4) General. 

F. WoHK DONE for LOCAL GOVERNMENTS. INDIAN STATES, 

Municipalities, etc. 

Ihmua. Arrangements were made fur the pnniical 
training of three Indian ollicers for the Government of 
Burma at one of the military dairy farms, and suggestions 
were made to this Government regarding the most suit- 
able manner of utilizing the grant allotted this yeai for 
the establishment of a model dairy farm and school in 
toimectiun with the Mandalav College. 

Three Sindlii cows were selected and -nipped fn-m 
Karachi and a pedigreed Ayrshire hull wa< procured from 
Europe for the Maymyo Town Committee. 

Copies of the trading accounts of certain Government 
dairies in India were supplied to the Veterinary (Hiker 
to the Corporation of Rangwm at li is request. 

Mounts. [ attended a conference at Bangalore in July 
H122 at which the subject of cattle breeding experiments 
then being carried out at the military dairy larni. Banga- 
lore. for the Madras Government were discussed with the 
Deputy Director of Agriculture. Live ^toek, Madras, and 
the Assistant Controller, Military Dairy I arms. 3rd 
Circle. This conference submitted a unanimous report to 



100 SCIENTIFIC REPORTS OF THE AGRICULTURAL RESEARCH 


the Government of Madras. From Bangalore I visited 
Ootacamund at the request of the Director of Agriculture, 
Madras, and later on submitted, in conjunction with the 
Deputy Director of Agriculture, Live Stock, Madras, a 
complete scheme with building plans, machinery specifica- 
tions, cost statements, estimated trading accounts, etc., for 
the establishment of a municipal dairy at Ootacamund. 
The details and points of this scheme were discussed with 
the Director of Agriculture, Madras, after visiting Ootaca- 
mund, and before submission of the scheme. 

Bombay. I had the privilege of addressing the stud- 
ents of the Agricultural College, Poona, on the importance 
of the development of the cattle breeding and dairying 
industries in this country, and about the same date I gave 
evidence before the Cattle Committee appointed by the 
Government of Bombay to report on cattle breeding in 
that presidency. I attended a meeting at the office of the 
Director of Agriculture, Bombay, in August 1922 when the 
question of the establishment of a modern dairy college by 
the Government of Bombay at the military dairy farm. 
Kirkee. was discussed, and as the result of this meeting a 
specification of the necessary extra equipment required 
make the military dairy farm at Kirkee suitable as an 
educational institution was submitted to the Direetoi 
Agriculture. Bombay. 

In November 1922, I visited Sind and, in communica- 
tion with the Chief Commissioner and Deputy Director ot 
Animal Breeding, Bombay, drew up a report, for the 
Government of Bombay, dealing with the question of cattle 
breeding and dairying in Sind. Later, plans of a cattle 
shed and other dairy buildings for the Willingdon Cattle 
Farm in Sind, and cattle shed plans for a temple dairy in 
Gujarat, were supplied to the Deputy Director, Animal 
Breeding, Bombay. 

Accompanied by the Agricultural Adviser to the Gov- 
ernment of India. I again visited Sind in April 192d at 
the request of the Director of Agriculture, Bombay, and 
along with the Agricultural Adviser to the Government of 

O O 
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India* the Deputy Director of Agriculture in Sind, and 
the Deputy Director of Animal Breeding. Bombay, signed 
a unanimous report concerning the working of the Willing* 
don Cattle Farm at Karachi and the general question of 
cattle breeding in Sind. 

During the year under review no less than five different 
schemes were drawn up in this office for the improvement 
of the milk supply of Bombay. These schemes were : — 

(1) Scheme for the erection and working of cattle 

stables in Bombay. 

(2) Scheme for Mr. R. S. Patel, fur the establishment 

of a dairy at Bulsar with a depot in Bombay. 

(3) Scheme for Khan Bahadur Bhiladvala for estab- 

lishment of a dairy at Talegaon with a depot 
in Bombay. 

(4) Scheme consolidating (2) and (3) a- above to be 

worked by a limited company subsidised by i::e 
Corporation of Bombay. 

(5) Scheme for the establishment of a municipality 

owned and managed dairy in substitution • * 
item (4) above. 

All of tlie.se schemes were complete with imialing pl-.t:.' 
machinery specifications, estimates of tost, and estimate ' 
profit and loss accounts, and entailed considerable time a:.u 
labour. Frequent visits were made to Bombay in comm - 
t it >n with these schemes and matters were discussed per* 
sonallv with the Municipal Commissioner and t tie Danv 
Superintendent of the Corporation of Bombay, binahc. 
I personally attended a meeting of the Sanitary Measures 
Committee of the Corporation which deals with sue:, 
matters. Up to the present no ^finite steps to cari\ ocl 
any of these schemes have been taken notwithstanding me 
eagerness of the Municipal Commissioner, the Heal. a 
Officer of the city and the Dairy Superintendent of the 
Corporation to tackle this question. 

The milk supply of Bombay is probably the worst ana 
the most expensive of anv large city in the worlo. and ta.e 
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death rate of infants up to one year old is 66 per 100— an 
appalling figure. 

1 strongly recommend a subsidised private company as 
being likely to be the most efficient and most extensive way 
of solving the problem, but failing this a Corporation 
owned dairy farm working under proper conditions would 
be better than nothing. 

In September 1922, I gave a lecture in Bombay, under 
the auspices of the Servants of India Society, on the 
importance of milk production as a factor in Indian cattle 
breeding, to the members of the Central Co-operative 
Institute and others. 

Cmt ml Produces. I addressed a public meeting 
organized by the Agricultural Department of the Govern- 
ment of Central Provinces at Nagpur in March on the 
importance of the development of the dairy industry in 
India. The Minister of Agriculture, Central Provinces 
Government, took the chair at the meeting, and His Excel- 
lency the Governor was present. 

Plans for new cattle sheds and specifications oi new 
dairv plant were furnished to the Agricultural Depart- 
ment of this province, and six Sahiwal heiters and two 
pedigreed Sahiwal bulls were selected and purchased tor 
■ he Depute Director of Agriculture, Live Stock, Nagpur, 
irom the military herds at Lahore ami bero/epore. 

United Provinces. Two lectures on technical dairy 
subjects, illustrated by modern cinematograph films, were 
given to the students of the Agricultural College at Pawn- 
pore, and the necessity of providing modern equipment 
for the college dairy was placed betnre the Director of 
Agriculture. Frequent advice regarding the management 
of the dairy herd at the Cawnpore college has been given 
to the Agriculturist-in-charge. 

Bengal. On the occasion of the visit of the Rouble 
Member for Revenue and Agriculture to Calcutta in 
March, I had the privilege of introducing to him a nu in- 
ter of prominent Marwaris interested in the milk problem 



INSTITUTE, PUSA, FOR 3 922-2'J 


m 


in that city, with whom he discussed the question of 
improving the milk supply of the city; and during the year 
I have been in correspondence with the Director of Agri- 
culture concerning dairying and cattle breeding matters 
I have arranged to visit the cattle breeding farm of the 
(iovernment of Bengal at ltangjau at an earlv date to 
advise regarding its future policy. 

Certain stud bulls owned by the Corporation of Calcutta 
were inspected bv me and a report as to their feeding 
and treatment submitted to the Corporation. 

Bihar and Orisfia. I have been in touch with the 
Director of Agriculture of this province throughout the 
year, and advice has been given concerning the drafting o: 
regulations for the control of milk supply in cities and 
other dairy matters. 

Punjab. At the request of the Direct* *v o: AgrkrA 
lure. Punjab. T made a number of visits to the dairy far:* 
concession granted by the Punjab (iovernmem n> Mr- 
Brown s syndicate. 1 supplied this syndicate with a com- 
plete set of building plans and machinery specification- 
for the modern dairy they are required by the terms of the 
lease to erect on the lands, and the buildings have been 
inspected twice whilst in course of erection. T have under 
taken to assist this company in the selection ot their foun- 
dation milking stock, to pass the dairy machinery now or. 
order for this dairy when erected and to give technical 
advice whenever required. 

The Director of Agriculture. Punjab, asked me to 
advise him concerning a dairy scheme submitted to him 
for the supply of milk to the town ot Sirsa. and in Marco 
1 inspected the proposed site and submitted a report on 
the project to the Director of Agriculture with, complete 
building plans, etc. 

On the imitation of the Principal of the Agricultural 
College at Lyallpur I gave two lectures on technical dang 
subjects t ci the students ot this college, K>th ot which "ere 
illustrated bv modern cinema tograpk film- idu-traun. 
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modern dairy practice; and I also gave a public cinemato- 
graph lecture in the Young Men’s Christian Association 
Hall, Lahore, on the importance of the milk problem from 
n public health point of view. 

Amended machinery specifications for the equipment 
- f the college dairy at Lyallpur were supplied to the 
Principal. 

A$*am. Certain particulars regarding cross-bred 
untie were supplied to the Deputy Director of Agriculture, 
Surma Valley. 

Baroda State. I visited Baroda State in July 1922, 
mhI in conoanv with various State officials including the 
-Kond Prime Minister, Mr. C. X. Seddon, I inspected f he 
proposed dairy site and the new cattle sheds under con- 
struction. I have been in correspondence with the Agri- 
cultural Department of this State throughout the year and 
have advised frequently on matters connected with dairy- 
ing and cattle breeding. 

Dev:as {Junior) State. I visited this State in August 
1922. and after discussing cattle breeding and dairying 
matters with His Highness the Maharaja and the Dewan 
of the State submitted a scheme including building plans, 
estimates of costs, etc., for the establishment .of a cattle 
’ reeding farm near the State capital. 

Gwalior. Correspondence took place with the animal 
husbandry department of this State, and advice on techni- 
cal subjects was given. 

Travancoie State. Twelve Sindhi cows were selected, 
tested and shipped to the Director of Agriculture, Travan- 
core State. 

11. Advice and Assistance given to general Public in 

India. 

Plans for new dairy buildings for Edw. Keventer, Ltd., 
■it Raisina, are in preparation in my office and will shortly 
be completed. 
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Tte firm of Sved A. & M. Wnzir Ali of Lahore have 
lieen supplied with technical information concerning the 
manufacture of tinned sterilized milk, condensed milk, 
dried milk, etc., and as soon as this firm can obtain suitable 
lands detailed plans and specifications will be furnished to 
Negotiations are in progress with the Punjab Gov- 
ernment on behalf of this firm witli a view to their ■ 1 tabling 
suitable lands. 

I inspected the model dairy farm of the Tata Iron & 
Steel Co., Ltd., at Jamshedpur, and discussed with the 
Town Commissioner and the General Manager the prob- 
ability of this company's completely controlling the milk 
supply of the town of Jamshedpur. 

Building plans showing position of machinery, etc . for 
a proposed model dairy at Kamshet were supplied to Mr. 
M. I). Darookhanavala. Bombay, and general au\iee was 
given to him regarding the working of his proposed farm 
with special figures concerning cost of milk production in 
India. 

Tliirtv-ftiur cows and two bulls were selected and railed 
to the Allahabad Agricultural Institute, and some thirty 
'Sjndlii mih-h cattle and one pure bred Ayrsluu* bull were 
"elected and despatched to various private individuals in 
Burma during the year under review. 

In addition to the foregoing, some thirty individuals or 
•inns in various nails of India applied for information 
concerning dairying or cattle breeding and in all cases all 
possible assistance was given to applicants. 

III. Work done for Governments or persons oitside 
.►!• In ni a. 

The work done for Governments or persons outside of 
India during the year included the selection and shipment 
nf four bulls and seventeen cows for the Government of 
Mauritius, the selection and shipment of two buffalo bulls 
and two buffalo cows to the Island of Trinidad in the West 
Indies, and the giving of information regarding Indian 
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cattle or Indian dairy produce to enquirers from Franca, 
Brazil, Fiji, United States of America, West Indies, and 
Holland. I also assisted Dr. I. Sikijo, Principal of the 
Government Animal Nutrition Institute, Formosa, to 
select a number of Sindh i milch cows for export to Formosa 
on account of the Japanese Government. 

IV. General. 

Recognizing the value of the cinema as an educative 
factor, two American films illustrative of the production, 
treatment and transport of fresh milk for city consump- 
tion were purchased in the year under review, and thev 
have been and will be used whenever possible in propa- 
ganda work. The films were much appreciated wherever 
shown and greatly simplify the work of the lecturer in 
describing processes unfamiliar to his hearers. 

As a delegate of the Imperial Agricultural Depart- 
ment I attended the All-India Veterinary Conference in 
Calcutta in March, and took part in many of the discus- 
sions relative to cattle welfare which took place there. 

I attended the annual Dull sale at the military dairy 
farm, Ferozepur. and purchased cattle there for various 
Governments and private individuals, and in the year 
under review I purchased and despatched sixteen cows for 
military dairy farms, 1st Circle, and three for the Imperial 
Bacteriological Laboratory. Muktesar. 

In January 1023, I had the honour of giving evidence 
before the Incheapc Committee as to the need of the coun- 
try in regard to dairy education and propaganda, and con- 
cerning the proposals put i or ward by tins ollico regarding 
the taking over of the military dairy farms by the Imj erial 
Agricultural Department. In their report this Committee 
recommended that this Department should take over two 
farms. I he Government of India have acted promptly in 
this matter and at the time of writing this report (1st July, 
1923) this Department has actually taken over the military 
dairy farms at Bangalore, Wellington and Karnal and it 
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is hoped to utilize these centres at a very early date as 
educational institutions to meet the crying need of the coun- 
try in this direction. The Department owes a debt of 
gratitude to the Quartermaster-General in India, and to 
the Controller of Military Dairy Farms, at Army Head- 
quarters, ior the cordial manner in which thev co-operated 
in connection with the transfer of these farms: not only 
did they agree to surrender suitable farms for our pur- 
poses. but every facility lias been given by the military 
authorities to make the handing over of these farms easv 
and profitable to this department. 

f submitted a paper, on the fodder needs of India from 
<\ dairy point of view, to the Indian Science Congress at 
Lucknow, and I have sent a paper on the importance of 
the development of the dairy industry in India to I e read 
at the World’s Dairy Congress at Washington. United 
States of America, in October 102:3. 
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REPORT OF THE SECRETARY, SUGAR BUREAU. 
(Wynne Sayer, B.A.) 

Rao Saheb Kasairji D. Xaik held charge of the office of 
the Secretary. Sugar Bureau, up to 16th November. 192*2, 
when I returned from leave and took over charge. I held 
the post throughout the remainder of the year. 

The Bureau continued on a temporary footing during 
the year under report, but sanction for further extension of 
the term up to 31st March, 1924. was obtained during the 
year. The Incheape Committee, which was appointed 
with a view to examine the working of all departments 
under the Government of India ami to make recommenda- 
tions for effecting forthwith all possible reductions in the 
expenditure of the Central ( iovernment, reviewed the work- 
ing of this Bureau, and recommended that the necessity for 
retaining it should be examined. The work done by the 
Bureau for the improvement of the sugar industry in India 
during the last four years of its existence has, however, 
been of such a substantial nature that the Indian Sugar 
Producers* Association, which has its headquarters at 
Cawnpore and which represents over On per cent, of the 
white sugar industry in India, at once addressed the (iov- 
ernment of India expressing its keen appreciation of the 
valuable work done by this Bureau, and requested that it 
may be placed on a permanent footing. For the expansion 
of its useful activities and to provide the Bureau with 
facilities which Government are at present unable to afford 
on account of the financial stringency, the Association ex- 
pressed its readiness to induce the industry to contribute 
towards its expenses, and the question of a cess on sugar 
produced in India has also been mooted. The large sugar- 
cane growers of Bihar also expressed their agreement with 
the views of the United Sugar Producers* Association a> 
regards the utility of the work being done by this Bureau 
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It is presumed, therefore, that tiie Bureau will be retained 
by Government. 

It may here be mentioned that during the vear under 
review while Government provided Rs. 37.290 fur the 
salaries, travelling allowances of the staff, supplies and 
services, and contingencies of the Bureau, the funds re- 
ceived from t he outside public for financing work and 
experiments amounted to a little mure than Government's 
contribution. It will thus he >cen that the Bureau is doing 
work of great value to various sections of the public for 
which they are fully prepared to pay. 

During the year under report . the Bureau continued to 
collect information relating to the sugar industry in all its 
aspects and to make it available t * the public. Besides 
this, important work on the agricultural, commercial and 
industrial sides was carried out during the year. A brier 
resume is given below - 


r. Auric! I.TURAl. 

It has been mentioned in the previous report that some 
2; 3 acres were planted with Coimbatore seedlings 2Rh 213. 
214 and 221 in February 1922 with a view ro ascertain 
the milling qualities of these canes under ractory condi- 
tions. These canes grown without irrigation stood the hot 
weather remarkably well and gave a record crop of 600 
matinds of stripped cane per acre of Go 214. 700 maunds 
of Co 210 and 800 maunds of Co 213. They were free from 
any serious nivcologual disease and unaffected by any 
insect pest and grew oil to an absolutely first class crop in 
every way. Representatives of the large cane growers of 
Bihar who came to see the crop in November were very 
mueh struck with these canes. The agricultural side 
having proved a complete success, the only question that 
remained was to test the actual behaviour ot these canes in 
the factory, and accordingly mill tests were arranged in 

i 2 



llo SCIENTIFIC REPORTS OF THE AGRICULTURAL RESEARCH 


December 1922. It may be mentioned here that such mill 
trials are essential for ascertaining the actual value of a 
cane to the factory. As the analysis made in a laboratory 
where the juice is extracted in a 2 or 3 roller mill gives 
much higher results than those obtained in a mill where 
many other factors are to be taken into consideration, to 
base all calculations on the laboratory analysis alone does 
not meet the case. The value of a cane is its value to the 
grower and to the mill when grown and crushed in bulk, 
and figures obtained from large scale tests are the figures 
which really carry weight among the growers and the mills. 
The laboratory and experimental tests are excellent guides 
but do not represent final judgment in such cases. 

In all these mill trials I have received most valuable 
assistance from the firm of Messrs. Begg Sutherland & Co. 
who not only advanced the money required for growing 
the cane for these mill trials, but have also provided funds 
for the testing on a large scale of the other canes. With- 
out the generous collaboration of this firm my work would 
have been seriously handicapped and much valuable time 
lost. 


The first mill tests were carried out on Oth December, 
1922, when 2,444 maunds of Co 214 were supplied to the 
Ryam mill for crushing. This is an early ripening cane 
which is ready for the factory early in November when the 
local cane is still very immature. The yield of stripped 
cane per acre ( viz 600 maunds) is double that of local 
canes. Co 214 has, however, a high fibre content of 18 per 
cent, which is due to its having in its parentage Saccharum 
spQntaneum. It proved rather a difficult cane to handle 
for the mill owing to its high fibre content and its crooked 
habit which made it difficult to load. But by tying into 
bundles this difficulty has been overcome. As this cane 
will enable the factories to start their crushing season six 
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weeks* earlier than usual, the results of the mill trials 
given below are of the greatest interest : — 


Comparative analysis of first mill juice of Co 214 and Hemja . 


Co 214 (‘rushed <>n Cth DormUr 


Hezcja (lytal variety) crrifthed on 7th 
D-ceiv >*!* 


Brix . . . UKln 

Sueros** . . , I fr9 \ 

Purity . . . s2*oS 


io*;u 


It will thus l)e soon that, compared with the local cane. 
Co 214 yields 15 per cent, mure sugar weight for weight, 
and its heavier yield and early ripening are additional 
advantages in its favour. While all the time one refers to 
this test it must he carefully borne in mind that in early 
November Co 214 would have shown itself to better advan- 
tage as the local canes then would hardly have analysed 
at all. 

The next mill tests took place on the 14tl; December 
when over 2.000 maunds of Co 2lo were put through the 
same mill. This cane is a heavier yielder than Co 214 and 
its fibre content is also l.over (l.Vdfl per cent.). It C. 
however, a month later in ripening and C usually ready 
for the factory in the first half of December. The follow- 
ing are the results of the mill trial : 

. b'Uf.’vd "/ the f O i! I j i ■ ■ f ' ’ 21'’. 

Orix Dfs 

Siii i o - « « . . . . . 1 U’V: 

Putitv ...... v ToO 

The last cane to he put thivugh the mill was Co 213 
whirl) is a medium thick cane. This \> e-scntially a 
grower’s cane. tall, erect, free from any fungus or insert 
pests and yielding more heavily than the two previous 
canes. The average Yield ot this cane at Pusa amounted 
to 800 maunds of stripped cane per acre, while on the best 
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land it was as high as 1,600 maunds of unstripped cane 
per acre. It may be mentioned here that this cane becomes 
ripe by the end of December, and hence a factory working 
with Coimbatore canes can start early in November with Co 
214, then take up Co 210. thereafter Co 213, and after the 
middle of January can proceed with the local Hemja which 
begins to ripen by then. The results of the factory 
analysis of the first mill juice of Co 213 crushed at Ryam 
■ 'u. 27th December, 1022, were as under: — 


Rris .... 

17*63 

SurVOH* 

U’.VJ 

I'm it v .... 

82*8(3 


Further details are given in the article on the mill trials 
-I selected Coimbatore cane seedlings published in the 
Agricultural Journal of India/' May 1023. It will 
suffice to say here that the trials were a great success in 
establishing a cash value for the cane and providing a 
most important set of data by which to judge future la bo* 
ratory tests on promising canes against actual mill results. 
It is now perfectly evident that no cane, however successful 
agriculturally, can be distributed to growers without first 
undergoing a mill trial. 

If we take into account the average yield of the local 
varieties which does not exceed 300 maunds of stripped 
cane per acre while each of these Coimbatore canes yields 
over double the amount, it is obvious that the adoption of 
these canes by the growers in Bihar will considerably add 
to the profits of cane cultivation, while the sugar industry 
will get an increased supply of cane for the factories which 
are usually below their raw material capacity, and also 
enable them to prolong t heir working season, reducing the 
cost of production per maund of sugar by cutting down 
silent charges. And further, as these canes are grown 
without irrigation in the same way as the local canes in 
Bihar and as no trenching is required, their rapid intro- 
duction into the district is only a question of time. As soon 
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as the results of these mill trials became known among the 
large sugarcane growers of Bihar, a large demand sprang 
up and the balance of tin* canes not required tor 
the null trial was distributed anionic growers in order 
to get the cane grmvn throughout the district as quickly 
as possible. Over h.OlIU niau.nds oj -c-d cane have tints 
already been supplied to selected cane growers throughout 
North Bihar and that portion of the ( nited Provinces 
which eomes in the white sugar tract. ri? w ., Monghyr, 
Darbhanga. MuzafTarpur. Chamjmran. Saran and Gorakh- 
pur districts, and ti'om reports received from growers in 
all these districts, tlrns* panes have jawed a success every- 
where. In short, they are behaving with growers in many 
eases better than they did at Pusa. The hot weather this rear 
lias been very severe, the moii>unn not breaking till 24th 
dune, but these canes have stood the prolonged drought 
remarkably well, their stand is better and their growth 
more vigorous and uniform than the local canes. Already 
Mtino of these growers are multiplying the seed canes sup- 
plied to them by the method of short planting, full parti- 
culars regarding which have been furnished bv me for 
their guidance. 

The demand for seed pane lias been so heavy that with 
a view to provide seed pane in the next planting season, 
namely. February P»2I. we further arranged to grow 
nearlv tfO acres t »f these improved panes, the funds re- 
quired for growing such a large area having been provided 
bv the Bihar Sugarcane Growers Association which is 
closely following the progress of tlie>e experiments and 
which is keen on taking up these panes lor general cultiva- 
tion. 1‘liis crop has come on splendidly during the trying 
hot weather and promises to give the usual bumper crop now 
associated with these canes at Pusa. 

These canes (Co 214. 213 and 210) have also been sup- 
plied to the Cossijwe Sugar Factory. Bengal, to the Agri- 
cultural Chemist. Dacca, to the Agricultural Officer^ 
Peshawar, to the West Indies and to Mauritius for trial. 
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With a view to keep up an unfailing supply of improved 
\arieties to replace the present ones when they show signs 
of degeneration, I have already started testing several new 
seedling canes, some of which are showing signs of great 
promise. Varieties are also being selected with a view to 
their suitability for varying conditions of soil and climate 
in the different parts of this country. 

Co 221, whose parents are J. 213 xM a , was grown on 
If acres with a view to find out whether as a field crop it 
showed desirable characteristics. The results have shown 
that this cane when planted in February in the ordinary 
way is easily blown down by the winds and because of its 
soft rind is also attacked by jackals. It is further liable to 
red rot, and for these reasons it has been decided not to 
propagate it further for ordinary planting. Hut this 
cane when sown in duly and early August and left till 
April showed none of its previous detrimental characteris- 
tics and gave a wonderful analysis of Hrix 10 17, mu rose 
17 93 per cent., Glucose 0-65 per cent., Purity 03 54. show- 
ing thereby that it may be possible to plant this cane late for 
late crushing. Further work in this direction will now be 
put in hand as both the grower and the mill will benefit in 
this case, the former on account of the cane occupying the 
land for two crop season- ( khnrif and ruhi) only instead 
of the usual three, and the factory being enabled to work 
lat-.T on account of supplier "f fully ripe cane in April- May 
instead of the dried up stuff it usually gets then. 

Two early canes, Go 232 (J 213 /Katha) and Go 233 
(J 213 Katha), were also planted on a field scale this year. 
Co 232 has so far shown better germination, better vigour 
and more uniform growth than Co 233, and promises to 
give a good tonnage. It is proposed to put these canes 
through the mill early in December 1023. and if the mill 
test proves satisfactory, arrangements will be made to mul- 
tiply the variety Co 232, as it is desirable to have another 
early ripening cane t<> replace Go 214 if its habit gets worse 
or otherwise proves unsuitable t*> certain localities. 
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As 4 it appeared from all tests that marked vitality was 
one of the chief characteristics of these canes, an experi- 
ment was started to ratoon Co 214, 213. 210 and 221. The 
results so far show these canes as a whole to be ^ood 
ratooners, the crop of Co 210 being 5 feet high before the 
break of the monsoon and showing groat vigour throughout 
the hot weather. The capacity of these canes for ratoon- 
ing will make a great difference to the area grown and 
may practically sound the death knell of the local cane over 
large estates. 

1 hirty-tour new Co scedings were received during the 
year from the Government Sugarcane Expert and we have 
now under trial in the experimental area the following 
forty-three seedlings 
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Of these. Co 227 22 n 242 244. 27)7. 200. 201. 204 ami 
27 > look most promising. 

Experiments on the manurin': sugarcane have bee:: 

started this year in collaboration with the Imperial Agri- 
cultural Bacteriologist as many pr-lmm;^ in eonupLtion 
require elucidation. 

It has been mentioned in previous reports that nine 
Java varieties were brought by the Secretary. Sugar 
Bureau, in the year 11)20 and sent to Coimbatore for trial. 
Unfortunately, with the exception of E. E. 2> and D. I. 
52, these canes showed suspicious patches similar to those 
of mo>aic. They have, therefore, been kept under strict 
surveillance till we know more about their freedom from 
this disease under Indian conditions. Their chief use is. 
however, in crossing with hardy mosaic -resist ant Indian 
canes, and the Government Sugarcane Expert has made 
extensive use of P. O. J. 1410 and P. O. J. 1499 in this 
direction. Already over 10. 00*1 seedlings have been 
obtained by crossing in this manner. 
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II. Industrial. 

The Bureau continued to be in touch with sugar fac- 
tories in India. Returns for the working season 19*21-22 
were received and statistics regarding the production of 
refined sugar in India have been compiled. During the 
year under report, the Xirn Valley Sugar Factory began 
working at Baraniati in the Bombay Presidency. This is 
the first factory at present working in that presidency, 
while another, the Belapur Sugar Factory, is expected to 
be in working order next year. In the Madras Presidency 
a company was floated in the Tinnevelly District for the 
production of refined sugar from palm (jut\ and another 
has been projected in Travancore State. But the greatest 
signs of activity are in Bihar and the United Provinces 
where the prospects for the industry are favourable. In 
Bihar a factory is being erected at Pachrukhi near Si van, 
and another anr refinery is adding on the plant for manu- 
facturing sugar direct from cane. There are several other 
projects which are still in the preliminary stage, the 
general stringency in the money market handicapping them 
in several respects. Against these, must 1)0 set down the 
closing of two concerns; but it is nevertheless true that 
the Indian sugar industry aided by an import duty of 25 
per cent, and general rise in the value of sugar is trying 
to put its house in order by organization and improvement 
in manufacturing efficiency, and it is most encouraging to 
note that Messrs. Begg Sutherland k Co., who manage 
seven sugar factories in Bihar and the United Provinces, 
have recruited the well-known authority Mr. Noel Deerr as 
their chief Chemist and Technologist. This will furnish 
an object lesson to other factories as to the necessity of 
providing sound and efficient scientific supervision and 
control over sugar production. 1 wish here to express my 
obligations to Mr. Noel Deerr for the valuable assistance 
he has given ine on all technical questions which I have 
referred to him. 
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The Bureau kept in touch with sugar machinery manu- 
facturers in Great Britain and the United States of 
America, and the correspondents who seek the advice of 
this olHce were kept informed of the reductions in the price 
of sugar machinery that took place during the year. 

The small 4 roller power-driven mill sent out by the 
Honolulu Tron Works referred to in the last report was 
sent to the Agricultural l‘hemi.4 at Dacca for trial in 
October 1922. It was not possible to arrange for thorough 
trials during the season, but it is hoped to make extensive 
trials this season with Yellow Tauna and Co 213. It will 
then lie possible to say whether the mill can he recommended 
to cultivators. 

The Bureau continued to help sugar factories by bring- 
ing before them the names of suitable persons seeking em- 
ployment as works chemists or managers, agricultural 
superintendents for sugar estates, etc. Applications are 
received from persons not only in India but from those in 
other cane growing countries of the world, and the Bureau 
is serving as a good link between the employers and those 
seeking employment. 


111. CoMMEKUlAE. 

The Bureau continued to assist the sugar trade in India 
by publishing, in the “ Indian Trade .Journal, statistical 
notes bearing on the production and consumption of this 
commodity in the principal sugar producing countries ot 
the ’world and the rise and fall in the world s price of 
sugar. Seventy such notes were published during the 
year. 

The sugar cable service started with the approval of 
the Government of India in January 1922 was continued 
during the whole year under report. It is an all-India 
service, having members in Bombay. Madras, Calcutta, 
Dawnpore, Lvallpur and Karachi, and influential Hindu, 
Mohainmadan, Tarsi, European and Japanese sugar firms 
have joined it. 



US SCIENTIFIC REPORTS OF THE AGRICULTURAL RESEARCH 


The service is conducted on a self-supporting basis, all 
expenses being met from the subscriptions of the members. 
While this service costs nothing to Government, it is in- 
directly a source of revenue to them inasmuch as the Post 
and Telegraph Department benefit to the extent of 
Rs. 16.000 extra business. 

The cable service has proved of the greatest value in 
stabilizing the sugar markets in India by preventing any 
panic or sudden rise due to unofficial reports and rumours 
from foreign countries. This has resulted in the price of 
sugar in India being kept in agreement with world parity 
as expressed in New York, and has effectually prevented 
ignorant speculation and its woeful results. The year 
under report has been marked by several attempts to rig 
the market in New York and Yuba into a condition when 
all losses sustained in the past could be recouped from the 
general public. This movement naturally had its effect 
oil prices in Java and India. By enabling Indian buyers 
to keep in close touch with New York prices, any undue 
inflation of prices has been checked and a steady rise or fall 
in consonance with the world supply and demand has 
resulted, giving the consumer the full benefit and at the 
same time protecting the forward buyer who no longer acts 
in ignorance of world's conditions as was frequently the 
case in the past. 


IV. Miscellaneous. 

Library During the year under report. '22 9 volume- 
were added to the library either by purchase, exchange or 
free supply. A catalogue of Ixx'ks and periodicals was 
issued and copies were distributed to all the Directors of 
Agriculture and Industries in the provinces, special work- 
ers in the sugar line and institutions where such catalogues 
are likely to be required for reference. Books continued 
to be issued from the Library on loan to approved persons. 

Mv.'fvrn. During the year under report, special 
samples of Java sugar were received through the courtesy 
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of tho Java Sugar Experiment Station at Semarang. 
Samples of various grades nr ~ngar manufactured in the 
Philippine Islands were al ■; received through the kindness 
of the Director of Agriculture tln^e islands. These 
have been placed in the mu-eum. As usual, all .-amples of 
sugar made in Indian factories were renewed during the 
year. 

Publication*. Besides t lie 7o notes contributed to the 
ki Indian Trade Journal " mentioned above. * notes were 
contributed to the “ Agricultural Journal of India/' and 
the following two articles were published during the 
•rear : — 

Xaik, K. 1). . A Pfview <n the Sugar Trade in India 

during t!u* calendar vvar 1021. Supple- 
ment to Tin In, lain Tunh J •’>» nuih dated 
2Et September. 1922. 

Saver, W. . . Mill limb ot Selected Coimbatore Sugar- 

<aim Seedling. A >// iruh Jm/rhcl 'j 
I nth <t. May, 102 P 

V. CONCLUSION. 

During the four years of its existence the Sugar Bureau 
has made its activities known to the sugarcane growers, 
sugar manufacturers and sugar importers and dealers, and 
they are showing their appreciation of the work done by 
coming forward to finance the activities which are of direct 
benefit to them, so much so that when it was rumoured that 
the activities of the Bureau might either be curtailed or 
stopped altogether, representative organizations or the 
growers and manufacturers lost no time in coining forward 
to show (iovermnent what value they attached to the 
Bureau's activities. It is a great pity that, in the present 
financial stringenev. it is difficult tor the (lovernment to 
provide additional grants for the expansion of the Bureau's 
activities, but it is hoped that the industry which now 
realizes that its future welfare is hound up with the adi- 
cities of this Bureau to a » ousuierable extent will do its 
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share and give a further impetus to research ami other 
work on cane. 

In conclusion. I wish to express my acknowledgments 
to the Director-General of Commercial Intelligence, 
Calcutta, for the invaluable help and ready advice given 
in connection with the sugar cable service and other trade 
matters, to the Imperial Agriculturist. Mr. Henderson 
(I am not thanking myself), without whose co-operation it 
would have been impossible to carry out the large scale 
experiments at Tusa. to the Imperial Agricultural Chemist 
for ready assistance given in analysing sugarcane samples 
sent to him from time to time, to the Government Sugar- 
cane Expert for the assistance cheerfully rendered hv him 
on all occasions, and lastly to Mr. Noel Deerr and 
Mr. d. T. J. Crooks for advice on various technical matters 
referred to them. With the assistance of such a distin- 
guished company I feel sure we are doing all in our power 
to command success. 
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